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MINMALLY INVASIVE VALVE REPLACEMENT SYSTEM 
mrl n OF THE INVFNTION 

10001] present invention relates U> devices and systems tor the replaeemen. of 

physiological valves. 

BACKGROUND OF THE INVENTION 

100021 The transport of vital fluids in the human body is largely regulated by valves. 
Physiological valvesaredesignedtopreventthebacHlowof bodily fluids suohasblood.lymph. 

^.bae.e«=..therebykeepingthebody.sfluiddy.«n.csuniditec.lonalforpr„p«bome„s^^ 

Forexan,ple,venousvalvesmaintaintheupwardf.owofblood.patticuiar,yfton,thelo«er 

,«^ties,back.oWtheheart.«hUe,yn*haticvalvespreventthebackflowoflymph^^ 

the lymph vessels, particularly those of the limbs. 

[00031 Beoauseof.heircommonfunction,vdvessharecer.ainana.omicalfeatures 
a.3pitevariationsinrelativesize.mcardiacvdvesa«amongthelargestvalvesinthebody 

aiameters that may exceed 30 mm, »hile valves of .he smaller veins may have diameters no 
l^er than a f^tion of a mUlimeter. Regardless of their size, hower, many physiological 
.^ves are situated in specialized anatomical struct^cs taovm as sinuses. Valve sinuses can be 

aescribed as dilations or bulges in the vessel wall ..t houses the valve. V. geome«y of the 
sinushasafimc.ionin.heopcrationandf.uiddynamicsofthevalve.Onefunctionistogu.de 

Mdflowsoastocreateeddycurrentsthatpreve„.thevalv..eailets6omadheringtod.ev«ll 

ofthe,cssela.,hepeakofflowve.ooi^.suchasduringsys.le.Ano*erfimctionofUtesh,us 

geometry is to general currents that facilitate the precise Cosing ofthe leaflets at the begim^ing 
ofbadcflowpressurcTTresinusgeome^yisalsoimportantinreducingthestressexertedby 

differential fluidflow pressure onthe valve leaflets or cusps asthcyopenandclose. 
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[0004] Thus, for example, the eddy currents occurring within the sinuses of Valsalva in 
the natural aortic root have been shown to be unportant in creating smooth, gradual and gentle 
closure of the aortic valve at the end of systole. Blood is permitted to travel along the curved 
contour of the sinus and onto the valve leaflets to effect their closure, thereby reducing the 
pressure that would otherwise be exerted by direct fluid flow onto the valve leaflets. The sinuses 
of Valsalva also contain the coronary ostia, which are outflow openings of the arteries that feed 
the heart muscle. When valve sinuses contain such outflow openings, they serve the additional 
purpose of providing blood flow to such vessels throughout the cardiac cycle. 
[0005] When valves exhibit abnormal anatomy and function as a result of valve disease 
or injury, the unidirectional flow of the physiological fluid they are designed to regulate is 
disrupted, resulting in increased hydrostatic pressure. For example, venous valvular dysfunction 
leads to blood flowing back and pooling in the lower legs, resulting in pain, sweUing and edema, 
changes m skin color, and skin ulcerations that can be extremely difficult to treat. Lymphatic 
valve insufficiency can result m lymphedema with tissue fibrosis and gross distention of the 
affected body part. Cardiac valvular disease may lead to puhnonary hypertension and edema, 
atrial fibrillation, and right heart failure m the case of mitral and tricuspid valve stenosis; or 
pulmonary congestion, left ventricular contractile impairment and congestive heart failure in the 
case of mitral regurgitation and aortic stenosis. Regardless of their etiology, all valvular diseases 
result in either stenosis, in which the valve does not open properly, impeding fluid flow across it 
and causing a rise in fluid pressure, or insufficiency/regurgitation, in which the valve does not 
close properly and the fluid leaks back across the valve, creating backflow. Some valves are 
afflicted with both stenosis and insufficiency, in which case the valve neither opens fiilly nor 
closes completely. 



LAI-2067289V1 



-2- 



Attorney Docket 
816020-100055 



t0006] Be^cf UKpo^atia. severity of fl,e olinica. consequences of valve disease. 

valve replacement s«gery is beeondng a widely ^ nodical p^cednre. describe and 
mns.ratedi.n.m.ero..l>ool.and articles. Wl^n replacement ofavalveisnecessary,^ 
aiseasedorabn„rntalvalveUtypicallycutoutand.eplaeedwitheithaamecl«nicalort.sue 
valve Aconventionalheartvalverep— surgery involvesaccessingtteheartinapattenfs 

,„«cic cavity d»ough a longitKlinal incision in «.= chest For e»n.ple. a median sternotomy 
^nirescu..ing.tao„gh,hes.emnmandfo,cingd.etwooppositeha.vesomribcagetobe 

.p.eadapart,aUowingaccessU,.hethoraciccavi.yandtl»hear.v.thin.T1»pa.ie«.is.hen 
p,acedoncardiopulnKn^bypass.wMchinvolvcss.oppingthehear.«>pernnt access 
internal chambers. Such „^ heart surgery is ,«rtcularly invasive and involves a leng«.y and 
difficult recovery period. Reducing or eliminating the time a paUent spends in surgery is thus a 

goal of foremost clinical priority. 

IPOOTI one s«tegy for reducing the time spent in surgery is to eliminate or reduce the 
^forsuturingareplacementvalveintoposition.To™rdthise«d,valveassembliesthat 

...owimplantationvrithminimal or no sutures would be greatly advantageous. Furth^ 

^,edevic.shavebeendevelop«)for the endovascularimplantaaonofreplacemem valves, 

^l„dingcollapsing,deUvering.andthene.panding.hevalve,suchdevicesdonotconiigure*^ 

valve in a manner ««t takes adva«age of the naturtd compartments formed by the valve sinuses 
S^optimalfluiddynamicsandvalve^rformance. In addition, to dte extent that such devices 
employasupportstrucnneinconjunctionwithatissne valve, such valve constructs are 
^^guredsuchthatthetissue leaflets of thesupportvalvecomeintocontactwiththesuppor. 
neither d„ringthecollapsedorexpandeds,ate.orbo.h.Suchcon.ac.iscapable of 

contributing undesir«l stress on the valve leaflet. Moreover, such support structures are not 



-3 

LAI-2067289vl 



Attorney Docket 
816020-100055 



configured U, properly ^or. a tissue valve having a scalloped inflow annulus such as tt»t 
discl„sedm«»U.S.pa«n,application serial number 09/772,526 v^ichisincor^^^ 

reference herein in its entirety. 

[00081 Accordingly, there is a need for a valve replacement system comprising a 
coltapsible and expandable valve assembly that is capable of being secured into position with 
minimal or no sunning; fadHtating an anatomically optimal position of the valve; maintaining an 
openpathway for other vessel openingsof vessels fl>a. may be locatedmthe valvular sinuses; 

and minimizing or reducing stress to fl.e tissue valve leaflets. The valves of the present 
invention may comprise a plurality of joined leaflets with a corresponding nmnber of 
commissural tabs. Generally, however, the d«ired valve will contain two to four leaflets and 
commissural tabs. Examples of other suitable valves are disclosed in U.S. Paten. Applications 
09/772,526, 09/853,463. 09/924,970, 10/121,208, 10/122,035, 10/153,286, 10/153^90, tire 
disclosures of all of which are incorporated by reference in their entirety herein. 
[0009] 
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SUMMARY OF THE INVENTION 
[001 0] -nie present invention provides systems and devices for the replacement of 
physiological valves. In one embodiment of the present invention, the replacement valve 
assemblies are adapted to fit substantially within the valve sinuses. Because the devices and 
procedures provided by the present invention eliminate or reduce the need for suturing, time 
spent in surgery is significantly decreased, and the risks associated with surgery are minimized. 
Further, tiie devices of the present invention are suitable for delivery by camiula or catheter. 
[001 1] In one preferred embodiment of the present invention a valve anchoring structure 
is provided that is dimensioned to be placed substantially within the valve sinus. In this 
embodiment, the valve anchoring structure extends substantially across the length of the valve 



sinus region. 



[0012] In another prefened embodiment of the present invention a valve assembly is 
provided, comprising a valve and anchoring structure, in which the valve comprises a body 
having a proximal end and a distal end, an inlet at the proximal end, and an outlet at the distal 
end. The inlet comprises an inflow amiulus. preferably with either a scalloped or straight edge. 
The outlet comprises a plurality of tabs that are supported by the anchoring means at the distal 
end. In preferred embodunents of the invention, the plurality of tabs are spaced evenly around 
the cu-cumference of the valve. 

[0013] In yet another embodiment of the present invention, a valve assembly is provided 
in which there is minhnal or no contact between the valve and anchoring structure. 
[0014] In still another embodiment of the present invention, a valve assembly is provided 
in which the valve is capable of achieving full opening and Ml closure without contacting the 
anchoring structure. 
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[0015] In yet another embodiment of the present invention, a valve assembly is provided 
in which the vertical components of the anchoring structure are limited to the commissural posts 
between sinus cavities, thereby minimizing contact between mechanical components and fluid, 
as well as providing flow to vessels located in the valve sinus. 

[0016] In still another embodiment of the present invention, a valve is provided that 
firmly attaches to the valve sinus, obviating the need for suturing to secure the valve placement 
[0017] In a fiirther embodiment of the present invention, a valve assembly is provided in 
which the anchoring stnacture may be collapsed to at least fifty percent of its maximum d^ 

[0018] In still a fiirther embodunent of the present invention, an expansion and 
contraction device is provided to facilitate implantation of the valve and anchoring structure. 
[0019] In another embodiment, the present invention provides adhesive means for 
securing the valve assembly in a valve sinus. 

[0020] In yet another embodunent of the present invention, a valve sizing apparatus is 
provided for the noninvasive determmation of native valve size. 

[0021] The present invention also provides cutting means to remove the native diseased 
valve. One aspect of the cutting means comprises a pluraUty of jaw elements, each jaw element 
having a sharp end enabling the jaw element to cut through at least a portion of the native valve. 
Another aspect of the cutting means comprises a plurality of electrode elements, wherein 
radiofrequency energy is deUvered to each electrode element enabling the electrode element to 
cut through at least a portion of the native valve. A fiirther aspect of the cutting means 
comprises a plurality of ultrasound transducer elements, wherein ultrasound energy is delivered 
to each transducer element enabling the transducer element to cut through at least a portion of the 
native valve. 
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[0022] In yet another embodiment, the present mvention provides a temporary two-way 
valve and distal protection filter assembly. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] Figure 1 shows an exemplary valve during operation. Figure 1 A shows the 
valve in the open position during peak flow. Figure IB shows the valve in closed position to 
prevent backflow of the fluid across the valve. 

[0024] Figure 2 shows a preferred embodiment of the valve of the present invention. 
This valve features commissural tabs and a scalloped inflow annulus. 

[0025] Figures 3 A, B and C are representations of a typical valve sinus. These figures 
illustrate the anatomy of the sinus cavities, commissural posts, leaflets and mflow/outflow 
annuli. 

[0026] Figure 4 is a schematic representation of the geometry and relative dhnensions of 
the valve sinus region. 

[0027] Figure 5 shows a valve anchoring structure, in accordance with a preferred 
embodiment of the present invention, that is lodged inside a vessel. 

[0028] Figures 6 A and B are schematics of a valve assembly comprising a valve and an 
anchoring structure m which the anchoring structure features an additional cloth ring along the 
valve mflow edge that serves as a gasket. Figure 6 C shows a valve anchoring structure 
according to one preferred embodiment of the present invention featuring a two-ring inflow rim. 
[0029] Figure 7 is a diagrammatic representation of a flat pattern of a preferred 
embodiment of an anchoring structure in the expanded state. 

[0030] Figure 8 is a diagrammatic representation of a flat pattern of a preferred 
embodiment of an anchoring structure in the compressed state. 

[0031] Figure 9 shows a flat valve leaflet of a preferred valve to which the anchoring 
Structure dimensions can be fitted. 
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[0032] Figure 10 illustrates the relative dimensions of apreferred embodiment of an 
anchoring structure of the present invention. 

[0033] Figure 11 shows a flared anchoring stiructiire dimensioned to lodge inside the 
sinus cavities. 

[0034] Figure 12 shows a different view of the flared anchoring stiructiire. 
[0035] Figure 13 shows a preferred embodiment of an anchoring stinictiire lacking an 
outflow ring, and having support posts dimensioned to lodge in tiie sinus commissural posts, 
providing cantilevered support for tiie valve outflow end. 

[0036] Figure 14 shows a preferred embodiment of an anchoring stinxctiire witii flared in- 
and outflow ends and support posts for lodging in the commissural posts with attachment 
wmdows capable of deflecting inward at back flow pressure. 

[0037] Figure 15 A shovsrs a top view of apreferred embodiment of a valve assembly 
comprising a valve and an anchoring structure made of elliptical segments joined togetiier. 
Figure 15 B shows a lateral view of die preferred anchoring structure without valve. 
[0038] Figure 16 A shows tiie valve assembly comprising a valve and elliptical segment 
anchoring structure in expanded form. Figure 16 B shows tiie same in compressed form 
[0039] Figure 17 shows tiie lodging of an elliptical anchormg stiiictiire inside tiie valve 
sinus cavities. 

[0040] Figure 18 A shows how tiie elliptical segments of tiie anchoring stiiictiire may be 
joined by a double crimp. Figure 18 B shows how tiie valve is positioned inside tiie anchoring 
stracture. 

[0041] Figure 19 A shows a double crimp uniquely designed to flexibly join tiie 
elliptical segments. Figure 19 B shows a modified double crimp. 
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[00421 Figure 20 A shows how the elhptical segments tnay be assembled into the double 
crimp. Figure JOB shows the final assembly. 

[0043] Fig»>*» 21 A - G show different views of an elliptical segment anchoring 
structuretethereomprisingclothcoveringincludingagasketclothcuffattheinflowri^ 

[0044] Figure' '^^"^ 
structure made fiom a single piece of tubmg. 

[00451 Figures 23 A through D show an effiptical segment anchoring structure in which 
the upper segments have been removed and the ends of the junctions are formed into prongs. 
[00461 Figure 24 shows a preferred valve assembly of the present invention with an 
anchoring structure comprising a ring incorporated into the valve inflow rim, 
[0047] Figure 25 A shows an anchoring structure comprising two undulatmg rings with 
inverse wave patterns. Figure 25 B shows an anchoring stm^ure comprising two such rings 
connected by vertical elements. 

[0048] Figure26showsavalveassemblycomprisingananchoringstmcturein 
the inflow ring and outflow ring are structurally unconnected. 
[0049] Figure 27 A - C show a tubular anchoring structure. 

[0050] Figures 28 A - D show an anchoring structure comprising an inflow ring and an 
outflowring connected by vertical posts that sUde across one another upon compression. 

[0051] Figures 29 A and B show an anchoring structure comprising an inflow and 
outflowring comiectedby vertical posts thatjoin to formasingle vertical element upon 

compression. 

[0052] Figures 30 A and B shows an anchoring structure comprising a three-member 
Spring aided frame. 
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[0053] Figures 31 A and B show a preferred embodiment of an expansion and 
contraction device. 

[0054] Figures 32 A and B more particularly shows the angled wires of the device. 
[0055] Figure 33 shows the positioning of an anchoring structure on the expansion and 
contraction device. 

[0056] Figure 34 shows another preferred embodiment of an expansion and contraction 
device featuring a wire-spindle mechanism. 

[0057] Figure 35 shows a different perspective of the wire-spindle expansion and 
contraction device. 

[0058] Figures 36 A and B show another preferred embodiment of an expansion and 
contraction device for self-expanding valve assemblies. 

[0059] Figure 37 A shows a further preferred embodiment of an expansion and 
contraction device featuring a rotating plate mechanism. Figures 37 B and C more particularly 
shows the spiral-shaped rotating plate. 

[0060] Figures 38 A and B show the expansion and contraction device expanding an 
anchoring frame. 

[0061] Figure 39 shows another preferred embodiment of an expansion and contraction 
device featuring a groove-pin mechanism. 

[0062] Figure 40 shows one preferred embodiment of a valve having an outer 
circumferential reservoir containing a scalable fixation means for securely fixing the valve 
prosthesis at a desired location within a vessel or body cavity. 
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[0063] Figures 41 A and B show another embodiment of a valve having an outer 
circumferential reservoir, wherein the sealabe fixation means comprises a two component 
biological adhesive. 

[0064] Figure 42 illustrates a reservoir with thin spots adapted to rupture when the 
reservoir is under pressure, thereby releasing the contents of the reservoir. 
[00651 Figure 43 is a cross-sectional view of the reservoir showing the thin spots. 
[0066] Figure 44 is a cross-sectional view of a valve reservoir having two concentric 
component compartments. 

[0067] Figures 45 A and B depict a minimally-invasive valve replacement sizer. 
[0068] Figure 46 is a cross-sectional view of a mmimally-invasive valve replacement 
sizer comprising a guidewire, an intravascular ultrasound (IVUS) catheter having a transducer, 
and a balloon catheter, all positioned within the central lumen of the catheter. 
[0069] Figure 47 shows a balloon catheter comprising a balloon that circumferentially 
surrounds a portion of the catheter at its distal portion. 

[0070] Figure 48 shows a cross-sectional view of an inflated balloon with curves 
forming leaflets to enable fluid to pass. 

[0071] Figure 49 shows one preferred embodiment of a minimally-invasive valve 
replacement sizer, wherein the balloon is inflated with saline. 
[0072] Figure 50 shows a preferred embodiment of a minimally-invasive valve 
replacement sizer system, wherein the transducer emits an ultrasonic signal in a perpendicular 
direction to an mtravascular ultrasound catheter (IVUS), which is reflected off the outer wall of 
the balloon and then received by the transducer and wherein the radius and diameter of the body 
cavity is determined by the auxiUary processor. 
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[0073] Figure 51 shows an anchoring stracture of the present invention having 
ultrasound cutting means. 

[0074] Figure 52 shows an anchoring structure of the present invention having 
radioftequency cutting means. 

[0075] Figure 53 shows an anchoring structure having sharp edge cutting means. 
[0076] Figure 54 is a partial view of the valve assembly with cutting means on a 
partially inflated balloon catheter. 

[0077] Figures 55 A - C show a temporary two-way valve for distal protection. 
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nff TAU.KD DESCRIPTION OF THE PREFERP l^l^ FMRODTMENTS 

[00781 The present invention relates to valve replacement systems and devices. As 
illustrated in Figure 1, a valve (1) comprises a distal or outflow end (2), leaflets (3) and a 
proximal or inflow end (4). A typical valve functions similar to a collapsible tube in that it opens 
widely during systole or in response to muscular contraction, to enable unobstructed forward 
flow across the valvular orifice (Figure 1 A). In contrast, at the end of systole or contraction, as 
iUustrated in Figure 1 B, as forward flow decelerates, tiie walls of the tube are forced centrally 
between the sites of attachment to the vessel wall and the valve closes completely. 
Replacement Valves 

[0079] A preferred valve (5) for use with the systems and devices of the present 
invention is illustrated in Figure 2 and is comprised of a body having a proximal end or inflow 
ring (6) and a distal end or outflow ring (7). The body is comprised of multiple leaflets of valve 
tissue joined by seams (8), wherein each seam is formed by a junction of two leaflets. A 
commissural tab region (9) extends fi:om each seam at tiie distal end of the valve body. The 
proximal end (6) has an inflow ring witii a peripheral edge that can be scalloped or straight. The 
inflow ring (6) of tiie valve can further comprise a reinforcement stiiictiire (10) tiiat can be 
stitched to it. In preferred embodiments of tiie invention, tiie inflow edge of tiie valve is 
scalloped. The valve replacement systems and devices of tiie present invention are not limited, 
however, to tiie specific valve illustrated in Figure 2. An important consideration in tiie design 
of valve replacement systems and devices tiiat has received insufficient attention in previous 
^proaches is tiie architecture of valve sinus. Valve sinuses are dilations of die vessel wall tiiat 
surround tiie natiiral valve leaflets. Typically, each natural valve leaflet has a separate sinus 
bulge or cavity tiiat allows for maximal opening of tiie leaflet at peak flow witiiout permitting 
contact between tiie leaflet and tiie vessel waU. Thus, for example, a two-leaflet valve is 
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surrounded by two sinus bulges, a three-leaflet valve by three, and a four-leaflet valve by four 
sinus cavities. The individual sinus bulges or cavities are separated by vertical fibrous structures 
kno^vn as commissural posts. THese commissural posts defme longitudinal structures with lesser 
outward curvature than the sinus cavities, as can be seen in Figure 3. Figures 3 A and B 
illustrate the reduced curvature of the commissural posts (1 1) compared with the curvature of the 
sinus cavities (12). Figure 3 C shows a view from outside the vessel of a commissural post (1 1) 
between two sinus cavities (12), while Figure 3 A shows a cross sectional view from the top of a 
closed valve within a valve sinus. The areas between the bulges define the commissural posts 
(1 1) and as can be clearly seen in Figure 3 B, the commissural posts serve as the sites of 
attachment for the valve leaflets to the vessel wall (13). 

[0080] Figures 3 B and C also show the narrowing diameter of the sinus region at both its 
inflow end (14) and outflow end (15) to form the inflow and outflow annuli of the smus region. 
Thus, the valve sinuses form a natural compartment to support the operation of the valve by 
preventing contact between the leaflets and the vessel wall, which, in turn, may lead to adherence 
of the leaflets and/or result m detrimental wear and tear of the leaflets. The valve sinuses are 
also designed to share the stress conditions imposed on the valve leaflets during closure when 
fluid pressure on the closed leaflets is greatest The valve sinuses further create favorable fluid 
dynamics through currents that soften an otherwise abrupt closure of the leaflets under 
conditions of high backflow pressure. Lastly, the sinuses ensure constant flow to any vessels 
located within the sinus cavities. 

[0081] As shown in Figure 4, the valve sinus region is characterized by certain relative 
dimensions which remain constant regardless of the actiial size of tiie sinuses. Generally, the 
diameter of the smus is at its largest at the center of the cavities or bulges (16), while there is 
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pronounced narrowing of the sinus region at both the inflow annulus (17) and outflow annulus 
(18). Furthermore, the height of the sinus (19), i.e. the distance between the inflow and outflow 
amiuli remains proportional to its overall dimensions. It is thus apparent that the sinus region 
forms an anatomical compartment with certain constant features that are uniquely adapted to 
house a valve. The systems and devices of the present mvention are designed to utilize these 
anatomical features of the native sinus region for optimal replacement valve function and 
position. 

[0082] Accordingly, in one preferred embodiment of the present invention, the 
replacement valve assembly comprises a collapsible and expandable anchoring structure adapted 
to support a valve distally along the commissural tab region and proximally along the inflow 
amiulus. Figure 5 shows a preferred anchoring structure adapted to support a valve such as that 
illustrated in Figure 2. As seen in Figure 5, the preferred anchoring structure has a generally 
tubular configuration within which the valve is secured. The valve is secured at its proximal 
(inflow) amiulus by attachment to the inflow rim (20) of the anchoring structure and at its distal 
end via the commissural tabs that are threaded through the axially extending slots (21), which are 
formed in the support posts (22) that extend longitudinally firom the inflow rim (20) to the 
outflow rim (23) of the anchoring structure. Thus, the distal ends (24) of the support posts 
contact the outflow rim (23) of the anchoring structure, whereas the proximal ends (25) of the 
support posts contact the inflow rim (20) of the anchoring structure. 
[0083] In Figure 5 the outflow rim (23) of the anchoring structure is depicted as 
comprising a plurality of rings that extend between the support posts (22) generally at or above 
the axially extending slots (21) that reside therein. The plurality of rings of the outflow rim (23) 
are configured in an undulating or zigzag pattern forming peaks (26) and valleys (27), wherem 
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the individual rings remain substantially parallel to one another. The plurality of rings of the 
outflow rim comprise a vertical comiector element (28) positioned at the center of the valleys 
(27) formed by the undulating or zigzag pattern. This vertical comiector element (28) is 
designed to stabilize the anchoring structtare and to prevent distortion of the valve during 

compression and expansion of the anchoring structtire comprising the valve. The vertical 

element (28) extends longittidinally in the axial direction of the cylindrical anchoring structt^e. 

In a preferred embodiment, the outflow rim (23) of the anchoring structt^e comprises two rings. 

Inapreferred implementation oftWs embodiment shown in Figures, the inflow rim (20)oft^^ 

support structtire comprises a smgle ring that extends between the support posts (22). 

[00841 Both the inflow (20) and outflow (23) rims of the anchoring structtire are formed 

with an undulating or zigzag configuration, although the inflow rim(20)mayhavea 

wavelength (circumferential dimension from peak to peak) and a lesser wave height (axial 
dimension from peak to peak) than the outflow rim (23). The wavelengths and wave heights of 
the inflow (20) and outflow (23) rims are selected to ensure uniform compression and expansion 
of the anchoring structtue without distortion. Hie wavelength of the inflow rim (20) is further 
selected to support the geometry of the scalloped inflow amiulus of a preferred valve of the 
present invention. Notably, as shown in Figure 5, the undulating or zigzag pattern that forms the 
inflow rim (20) of the anchoring structure is configured such that the proximal ends (25) of the 
verticalsupportposts(22)are connected to thepeaks(29)oftheinflowrim (20). Similarly, the 

undulating or zigzag pattern that forms the outflow rim (23) of the anchoring structtire is 
configured such that the distal ends (24) of the support posts (22) are comiected to the valleys 
(27) of the outflow rim (23). Locating the distal ends (24) of the support posts at the valleys (27) 
of the outflow rim (23) will prevent the longittidinal extension of outflow rim (23) m the 
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,«„„„ftbev.vesec„«dwi«^ti.e.„n.e«ofa.ean.ho,ings.n.c«.eupo„con,p^^^^ 
U.e»i...oca«„sU,ep»x- end3(25)„f.hesupponpos..«.epea.sC29,of*einflo«Hn. 

^.,oo„^ssio»offl»v.lveand»,choringstn.«uredo.no.le.a«,di=.«io«ofo,U,iu,y» 

the valve. 

10085] Figure 5 f«h« shows ^ *e sup^r. posts (22) a« confi^ g»«aUy in 4e 

^peofp.<.diewi.i>*=«ia.s,o.(2.,ex.e.«angi..e™a.i,«i*in««bl* 

^eb,^(30)of*cpaddieisorien.e<.«.«^U,eou.f.owrin.(23)of.i»a„o.„rings«uc»e 

a^co»eo..o4eou«owH.(23)a.avaUey(27)oftheunduia«ngorzig^pa«emof*e 
„„.flowrin,(23).Ani«po«a..fiu««o„ofU.esuppo«pos.(22)is«,es.~of4e^^^ 
i„gene«l.andinpmioul«*epr.vcnti„Bof any longitudinal— aatpoinuofva^^^ 
,„.bn,en.t„p«.l«aevalves«.hingo.<iis»nionuponc„™p.ssi«nof..device. Ti^bWes 
(30)of*epadd.e-shapeds„ppo«pos«(22)a«desi^»aocon„noaa.ea>e— u^ltabs 
„f.,eva,«.^es«pp«npos.(22)f^e,co™pHse«ian^a.s,^e,en.en«(3.)ex.ending 

„„ each side of *e p»xima. end (25) of d» support post. The »iangu.a, shaped eleven. (3 1) 
a„designed»serve.a.«h«en«si«sfor*esewingeuifgaske.andmaybedesignedn, 

different shapes without losmg their function. 

P0861 The number of support posts (22) in this preferred en.bodin.en. can range from 
.w„.ofour,depe„dingon.henumberofcon— postspresentinthevaivesinus.T.us.ina 

p„ferredemboaiment.theanchoringstruc.urecomprisesthreesupp.r.postsfora.h.^^^ 
v.,vewi.hasinus.hatfea.ures.hreenamra,oonnnissura.posts.Tl.esupportpK.s.s(22)o^ 

auei^ring str«c«.re are configured to coincide with the natural eonumssural posts of the amus. 
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100871 Figures 6 A and B show preferred embodiment of Figure 5 having a valve 
secured in^mally. The valve (32) is scoured at i« proxin^l (inflow) annulus (33) hy a— r 
«, U,e inflow rin, (20) of a.e anchoring sttuc^e and at its outflow or disU end (34) via the 
conmnssural tab. (35) « are threaded through the axiaUy extending slots (21). which are 
formedinthesupportposts(22)thatex.end longitudinally fix,m.heinflowrim(20)to,he 

outflow rim (23)of the anchoring s.r»cn>re.No.ably.ascanbe seen inFigures6AandB,in.his 

preferred embodiment the outflow rim (23) of the anchoring structure is configured to be 
longitudinally displaced fio„.hedis.alo«flowannulus(34)ofthevalveleaf,ets(36)thatresi* 

withinthe lumen of the t„buh„anchoringstnrcture.thereby avoiding any contactbetweente 
valve leaflets (36) and the anchoring structure. 

P088] AS shown in Fi^ 6 A and B, the inflow rim (20) of the anchoring structure can 
be securedto the proximo inflowannulus (33) ofdte valve viaasuitablefibricthat may be 

wrapped around the circumferential juncurre at the inflow end (33) and stitched into position to 
formasewingcuff(37). nrefebricmaybem^leof any suitable material includingbutnot 

Mted to woven polyester, such as polyethylene terepthalate. polytetrafluoroethylcne (PTFE). or 
other biocompatiblemat^. Titus, the valve (32) is securedinsided^anchoringstrucnrr^ 
,ewingaftbricring(37)aro«ndtheinflowrim(20)of the anchoring strucnrre so astocreatea 

^ .urfece around the outer perimeter of valve's inflow amrulus (33). In a prete^ 
embodiment, the ftbrie ring (37) comprise, two sewing cuff rings as shown in Figures 6 A and 
B, with ttre second sewing cuff ring (38) having a larger diameter than the mflow annulus of the 
^ve valve smus to ensure the firm lodging of the anchoring structure against the inflow 
annulus of the native valve sinus, thereby creating a tight, gasket-Uke seal. 
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[00891 TT>e positioning of to valve (32) in^mally to *e prefer«d anchoring *uc««. 
^ only mc febric of *e —oral mounting tabs (35) of to valve (32) contacting to 
s„pportposts(22)attodis.alou.flowannu.us„ftovalve(34),whi..toproximalinflo. 

a^ulus (33) of to valve is sepa^ted front to inflow rint (20) of to anchoring stmctitre by to 
^clo.h(37).e„suresti.atnoparioftova.ve(32)iscontactedbytoanchoringstructitre 

during operation of to vdve (32), thereby elinrinating «ear on to valve (32) tita. may be 
occasioned by contact with mechanical elements. 

[0090] In Figures 6 A, B and C to outflow rim (23) of to anchoring structure is 
aepictedascomprisingaplurality of rings to.exte.dbetweentosuppor.pos.s(22)generally 

a. or above to axially extending slots (21) tot reside a. toir distal ends (24). The plurality of 
ringsoftooutflow rim (23)areconiiguredin an undulating or zigzag panemformmgpeaks 

(26) and vaUeys (27), wherein to individual rings remam ^bstantially parallel to one anodter. 
Tl^plurality of rings oftooutflowrimcompriseavertical connector element (28) positioned at 

the cent, of to valleys (27) formed by to undulating or zigzag pattern. This vertical connector 
element (28) is designed to stabili.toanchorings,ruc.ureandti>preven.distortionoftovalve 

duringcomp^ssionandexpansionoftoanchoring strucnrrecontainingtovalve within. T^^ 

vertical element (28) extends longitudinaUy in to axial direction of to cylindrical ar^horing 
„.Inapreferredembodimen.,tooutflowrimoftoanchoring struct comprises^vo 

rings. 

[00911 Figure 6 C shows another implementation of a preferred anchoring stiuctiare of 
thepresen. invention. lncontras.totoimplementationshownmFigure5,whe,.intoinflow 

rim (20) of to anchoring strucmre comprises a single ring tot extends be^veen to support 
posts (22),tohnplementation shown inFigure6Cfeati«saninflowrim(20)comprisingtwo 
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ri^gs tot are subtly parallel » each other and are connected by a verdcal connector 
element (39) positioned at the center ofthe peaks (29) formed by .he undulating or zigzag 

pattern. Uns vertical com^ctor element (39) is designed to stabUize the anchoring structure and 
top^ventdistortionof the valve d^ngcompressionandcKpansion of the anchoring s.™^^^ 

comprising the valve. The vertical element (39) ex«e«is longiti^linally in the axial direction of 
ftc cylmdrical anchoring stiu«ure. Fig»e 6 C also sh„«s that the distal end (24) of the support 
post (22) may fWher compr^ suture bores (4 1 ) to ftcUitate the placemen, of additional smures 
for the securing the valvetoflie anchoring sttucture. 

[00921 Becauseti.e™velengUrsandwaveheightsofteinflow(20)a»loutflowrims 

(23) are seleced to ensure unifom, compression and expansion of tiie anchoring struc«« 
«,hou.dis,ortion.adifrerentwavelengti>andheigh.maybechosenforthetaflo«ring(20)of 

an implemen.ation of a prefe^d embodiment of an anchoring structi^ feasting an inflow rim 
(20) ™ti> two substantially paraUel undulating rings as shown m Fi^ 6 C. Thus, ^ inflow 
rim (20) depicted in Figore 6 C may have subsUntiaUy tt.e same wavelength and height as the 
outflowrim(23).SimUarly.ti.esuppor.pcs«(22)maybemodifiedtocompriseawidened 

proximal end (25) with an axial slot (40) extending longitiKlinally from tite inflow rim (20) 
toward tite distil end (24) of the support pos« (22) cen«ally ti^ugh the tiiangular shaped 
elemen.s(31).Thewidcni.goftoproximalend(25)offl>esupportposts(22)pr„tec.sti,e 

tttangular shaped elements (3 1 ) from distortion by dlBerent coUapsed profile of the inflow 
rim (20) withlargerwavelengtt.andheigh. and ensures ti«t no par,ofti>evalve(32)will be 

contacted by die anchoring structure during compression. 

[0093] Figures 7 and 8 show flK expansion (Figure 7) and compression (Figure 8) profile 
of a preferred anchoring stiucmre of ti.e present invention. In a preferred embodhnen, of the 
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present invention, the anchoring structure is collapsible to at least 50o/o of its expanded diameter. 
As shown in Figures 7 and 8, the undulating or zigzag pattern that forms the inflow rim (20) of 
the anchoring structure is configured such that the proximal ends (25) of the vertical support 
posts (22) are comiected to the peaks (29) of the mflow rim (20). Similarly, the undulating or 
zigzag pattern that forms the outflow rim (23) of the anchoring structure is configured such that 
the support posts (22) are comiected to the valleys (27) of the outflow rim (23). Locating the 
distal ends (24) of the support posts (22) at the valleys (27) of the outflow rim (23) wiU prevent 
the longitudinal extension of outflow rim (23) in the direction of the valve upon compression of 
the device, thereby eliminating any contact between valve and anchoring structure. Similarly, 
locating the proximal ends (25) of the support posts (22) at the peaks (29) of the inflow rim (20) 
prevents structural interference between the proximal ends (25) of the support posts (22). in 
particular the triangular shaped elements (31) designed to support the scalloped inflow amiulus 
of the replacement valve, and the undulating pattern of the mflow rim (20), as well as 
longitudinal extension of the inflow rim (20) in the direction of the valve tissue. Thus, 
compression of the valve and anchoring structure does not lead to distortion of or mjury to the 
valve. 

[0094] Figure 8 shows that the support posts (22) comiect to the outflow rim (23) at a 
valley (27) of the undulating or zigzag pattern and that during compression, the support posts 
stabilize the anchoring structtire by preventing any longittidinal extension at points of valve 
attachment, that is at the proximal (25) and distal (24) ends of the support posts. The 
commissural mounting tabs of the valve are attached to the anchoring structtire by extendmg 
through the ^al slots (40) of the support posts to the exterior of the anchoring structtire, while 
the inflow annulus of the valve is comiected to the inflow rim (20) of the anchoring structure via 



LAI-2067289vl 



-22- 



Attorney Docket 
816020-100055 

a fabric ring. This arrangement allows firm attachment of the distal or outflow end of valve to 
the anchoring structure and ensures the proper positioning of the valve, with the outflow end 
being supported such that the leaflets are allowed to open and close with the movement of fluid 
across the lumen of the valve. It should be noted that the particular shapes of the individual 
elements of the structures disclosed herein may be modified by a person of skiU in the art to 
achieve the advantages described without departing fix)m the scope of the present invention. 
[0095] The number of support posts (22) in this preferred embodiment can range from 
two to four, depending on Uie number of commissural posts present in the valve sinus. Thm, in a 
preferred embodiment, the anchoring structure comprises three support posts (22) for a three- 
leaflet valve with a sinus that features three natural commissural posts. The support posts (22) of 
the anchoring structure are configured to coincide with the natural commissural posts of the 
sinus. 

[0096] An advantage of this arrangement is the additional option for the surgeon of 
suturing the valve assembly into place, wherein the anchoring structure provides the surgeon 
with additional guidance as to the proper anatomical positioning of the valve inside the native 
valve sinuses. Since the anchoring structure is dimensioned to fit precisely into the valve sinus 
cavities, the surgeon's positioning task is simplified to a visual determination of the location of 
the commissural posts of the native sinuses and their aligmnent with the support posts (22) of the 
anchoring structure of the valve. Thus, the present preferred embodiment takes advantage of the 
natural features of the valve sinus for the rapid orientation and attachment of tiie valve assembly. 
The ability of tiie anchoring structure to emulate tiie architecture of the valve sinus tiius 
significantiy reduces tiie surgeon's time spent on suturing tiie valve into position, should he so 
desire. 
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[0097] The geometry of the preferred embodiment of a valve anchoring structure further 
naturally positions it across the entire longitudinal extension of the native valve sinus, lodging 
the anchoring structure firmly against the vessel walls. Proximally, the mflow rim (20) of the 
anchoring structure naturally fits into the native valve sinus at a position near the inflow 
narrowing (amiulus) of the native valve sinus against which it is designed to rest, while distally. 
the outflow rim (23) of the anchoring structure fits into the sinus at a position near the outflow 
narrowing (annulus) of the sinus against which it is designed to rest. 
[0098] Between the proximal and distal ends of the anchoring structure the only 
longitudinal mechanical elements of the anchoring structure are the support posts (22) which are 
confined to the native commissural posts between the sinuses, leavmg the sinus cavities firee to 
create the native fluid currents that support leaflet closure and valve operation in general. A 
fijrther advantage of this preferred embodiment of the present invention is the ability of the 
anchoring structure to emulate the natural compartment formed by the sinus for anchoring the 
valve. Thus, the anchoring structure is able to extend completely across the sinuses without 
placing mechanical elements into the path of fluid flow and without obstructing flow to any 
vessel openings that may be present in the valve sinuses. 

[0099] In a preferred implementation of the present embodiment, the anchoring structure 
exerts radial force against the vessel wall so as to produce a compression fit. This may be 
accomplished by oversizing the anchoring structure such that it permanently seeks to expand to 
its original size. Thus, both the inflow (20) and outflow (23) rims are designed to push radially 
against the sinus waUs near the inflow and outflow annuli of the sinus. The undulating or zigzag 
pattern formed by the inflow (20) and outflow (23) rings fiirther serves to provide tire-like 
traction against the sinus wall for anchoring. Thus, the combination of compression fit, traction 
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and sewing cuff rings (37 and 38) of the anchoring structure provides a firm anchor for the 

replacement valve and an optimal configuration in the native valve sinus. 

[00100] In preferred embodiments of the present mvention, the anchoring structure 

comprisesamaterial that is expandable fromacompressed configuration illus^^^^ 

into the configuration depicted in Figure 7. Tl.e anchoring structure may be non-self expanding, 

i.e. capable of being expanded from a compressed state using mechanical means, such as a 

baUoon inflated from within the radial center ofthe anchoring structure, orusm^ 

and compression devices disclosed herein, m anchoring structure comprises vertical 

support posts (22)which are designed to prevent inelastic deformation when the anchoring 

structure is collapsed prior to implantation. 

[00101] Figure 9 shows a representative flat valve leaflet (36) before it is sewn together 
withadesired number of additional leaflets (36) to formathree-dimensionalrepl^^^^^ 
The flat pattern ofthe leaflet (36) can be used to dimension the anchoring stnxcture shown in 

Figure lOsuchthatthe commissural tabs (35) ofthe valve (36) will comcidewithti^ea^^ 

(21) at the distal ends (24) ofthe support posts (22) and the proxhnal edges (42) at which the 
leaflets will be stitchedor otherwise attached to each other to form the inflow^^^ 

valve can be attached to the proximal ends (25) of the support posts (22) of the anchoring 
structure via the triangular shaped elements (31). 

[001 02] Figures 9 and 1 0 also show how an anchoring structure and valve may be scaled 
to fit different sizes of valve sinuses while retaining the proportional dimensions ofthe valve 
sinus. Forexample,ifthewidth(43)ofthe leaflet (36) showninFigure9ischosenforacertain 

valve size, then the distance (44) between support posts (22) ofthe anchoring structure shown in 
Figure 10 wUl be determined accordingly. Likewise, the height (45) of the leaflet (36) in Figure 
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9 will determine the length (46) of the support posts (22) of the anchoring structure in Figure 10. 
In this manner, a person of skill m the art can dimension both the valve and anchoring structure 
to fit any size of valve sinus. 

[00103] Another prefened embodhnent of the present invention, illustrated in Figures 1 1 
and 12, comprises a valve supported by a flared anchoring structure. Th. flared anchoring 
structure preferably comprises flared-out sections located at both the inflow (47) and outflow 
rims (48) to anchor it firmly against the narrowed inflow and outflow amiuli of the valve sinuses. 
The flared distal end (48) of the anchoring structure is adapted to support the tab regions of the 
valve while the flared proximal end (47) supports the valve inflow amiulus (33). The flared-out 
feature prevents contact between the valve tissue and the anchoring structure if the outflow rim 
(48) is positioned below the upper edges of the valve leaflets (36) in the open position, while also 
allowmg the anchoring structure to secure itself in a sinus cavity of the vascular passageway. In 
this embodiment, the outflow rim (48) of the anchoring structtire is comprised of diamond (49) 
and hexagon (50) shaped structures which facilitate coUapsibility and dynamic compUance. The 
commissural tabs (35) of the valve (32) can be stitched directly to the hexagon shaped elements 
(50) of the outflow ring, rather than being secured via slots. The flared inflow rim (47) of the 
anchoring structure preferably comprises a single ring in the form of an undulating or zigzag 
pattern to which the valve's fabric ring (37) can be sewn. Th. mflow ring (47) of the anchoring 
structure is comiected to the outflow rim (48) through vertical elements (51) that are positioned 
to coincide with the commissural posts of the native sinus region. Thus, the exemplary 
embodiment of Figures 1 1 and 12 comprises three vertical comiecting elements (51) for a three- 
leaflet valve (32). However, it should be understood that the number of vertical comiecting 
elements (51) is meant to be adapted to the number of native commissural posts present in the 
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particular sinus region. Tl.= area between vertteal conneetor elements (51) is thus left ftee of any 
structural elements for the accommodation of vessel openings that may be present in the 

particular valve sinus. 

[00104] In another preferred embodiment, as iUustrated in Figure 13, a valve is supported 
by an anchoring structure comprising a plurality of posts (52) with a single ring (53) at the 
inflow rim. The ring (53) is configured in an undulating or zigzag pattern. In this exemplary 
embodiment the plurality of posts (52) number three for a three-leaflet valve smus region. The 
three posts(52)extendmthe distal direction from the single ring(53)located at the m^^^ 

of the anchoring structure. The proximal end (33) of the valve is attached to the ring (53) portion 
of the anchoring structure so that the ring (53) provides support to the inflow annulus (33) of the 
valve. The inflow ring (53) comprises an undulating or zigzag pattern for tire-like traction 
agamst the vessel wall. The anchoring structtu^ portion surrounding the proximal end (33) of the 
valve is preferably flared in an outward direction to improve anchoring forces against the 
vascular wall. 

[00105] The three posts (52) extend from the proximal end (33) to the distal end (34) of 
the valve and provide cantilevered support to the tab regions (35) of the valve at the distal end 
(34). The three posts (52) are designed to be sufficiently flexible so that they may deflect 
inwardly in a controlled motion at back flow pressures to optimize the fatigue life of the 
anchoring structt>re. Hie posts (52) comprise a distal end (54) for the attachment of the valve 
commissural tabs (35). Below the distal end (54), the posts (52) comprise a diamond-shaped 
element (55) for enhanced structtiral stability and valve support. As with the previous 
embodiments of the present invention, the design according to the present embodiment creates 
open space between the proximal (33) and distal ends of the valve (34). This also ensures that 
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there is no direct contact between the valve and the anchoring structure and that vessel openings 
located within the particular sinus remam unencumbered. Again, as in the preceding 
embodiments, the support posts (52) are configured to spatially coincide with the commissural 
posts of the valve sinuses for ease of positioning and anatomical optimization. 
[00106] The anchoring structure embodhnent illustrated in Figure 14 comprises a valve 
supported by a multi-operational anchoring structure (56). The multi-operational anchoring 
stnxcture (56) comprises a proximal end (57), a distal end (58), posts (59) extending from the 
proximal end (57) to the distal end (58), and a tab attachment window (60) attached to each post 
(59) at the distal end (58). The tab attachment windows (60) in the present embodhnent have a 
triangular geometry that is designed to create an optimal interference fit between the anchoring 
structure and the commissural tabs The post (59) and tab attachment window (60) construction 
of tiie present embodhnent allows mward deflection of tiie post at back flow pressure, tiius 
providing cantilevered support to tiie valve and greater dynamic compliance with the smus 
region. Botii tiie proxhnal (57) and distal (58) ends of the anchoring structiire are flared out to 
better secure tiie valve m tiie valvular smus region. The proximal end or inflow rim (57) of tiie 
anchoring stnictiiredso preferably possesses barbs or hooks(61)at tiie proxunalend(62)oftiie 

post (59) for better attachment to tiie vascular wall and/or tiie valve's inflow amiulus. In tiiis 
embodiment, tiie flared mflow rim (57) is depicted as featuring two undulating rings tiiat are 
substantially parallel to one anotiier, while tiie flared outflow rim featiires tiiree undulatmg rings. 
[00107] Yet anotiier prefened embodhnent of a valve anchoring device according to tiie 
present mvention is iUustiated in Figures 1 5-21 . In tiiis preferred embodiment, an elliptical 
segment (70)anchoring structure isused to supporttiie valve (32)asshownmFigure 15 A. As 

shown in Figure 15 B, tiie eUiptical segment anchoring structure (70) comprises a plurality of 
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elliptical segments (71) that are joined together, either integrally, mechanically, or by adhesive 
means. Each elliptical segment (71) is flared outward at the proximal (72) and distal ends (73) of 
the anchoring structure and curved inward at the junctures (74) with the other segments (71) 
assuming the shape of a potato chip. When jomed together side by side, the elUptical segments 
(71) form a tubular structure that is flared outward at both the inflow (72) and outflow (73) ends. 
The junctures (74) of the elliptical segments (71) are located at the center of a substantially 
straight area of the elliptical segments (71) that defines the longitudinal support post elements 
(75) of the elliptical segment anchoring structure (70) and also provides a gap location (75) near 
which the valve tabs (35) can be secured. The tab regions (35) extending from the seams of the 
valve can be attached to the anchoring structure using any suitable means, including, sewing, 
stapling, wedging or adhesive means. The tab regions (35) are preferably attached to the gaps 
(75) formed above the junctures (74) between the elliptical segments (71). The inflow (72) and 
outflow (73) rims of the anchoring structure are formed by the corresponding regions of the 
elliptical segments (71) that reside below and above the junctures (74). The inflow annulus of 
the valve can be secured at the inflow rim (72) via stitching to the inflow amiulus fabric which 
also serves as a sealing gasket. 

[00108] As shown in Figure 16 A, the vertical axes (76) of the elliptical segments (71) are 
dimensioned to exceed the axial length (77) of the valve (32), thereby eliminating valve leaflet 
(36) contact with the outflow rim (73) of the anchoring structure. Figure 16 B shows how both 
the valve (32) and anchoring structure (70) of the present embodiment can be compressed 
radially to facilitate hnplantation. The concave configurations of the elliptical segments (71) 
effectively form a radial spring that is capable of being radially collapsed under pressure for 
deployment and then expanded when positioned at the implant site. One advantageous feature of 
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the instant design is that the region of juncture (74) between the elliptical segments (71) does not 
become extended upon compression of the anchoring structure. The valve (32) and anchoring 
structure (70) of the present embodiment can also be compression fit within a valve sinus cavity 
to exert radial force against the smus walls. 

[00109] As shown in Figure 17, the anchoring structtire (70) is preferably dimensioned to 
be lodged substantially within a valve sinus, with the regions of juncture (74) between the 
elliptical segments (71) being configured to reside at the location of the native commissural 
posts. The elliptical segment anchoring structure (70) is designed to expand at the proximal end 
(72) during peak flow and at the distal end (73) during peak backflow pressure, thereby 
maintaimng pressure against the vascular wall. As a result, the valve and anchoring structure 
(70) of the present embodhnent will remain secure in the valve smus without sutures. A metal 
wire frame made from a metal that exhibits a high modulus of elasticity and that is biocompatible 
is prefened, such as Nitmol, as such materials exhibiting superior compressibiUty allow the 
anchoring structure to be self-expandable. 

[001 1 0] A fiirther preferred embodiment of a valve anchoring structure according to the 
present invention is illustrated in Figures 1 8 A and B. In the present embodhnent, an elliptical 
segment anchormg structure (70) is presented in which the elliptical segments (71) are jomed 
together by a specialized double crimp (78). Figure 18 B shows that the valve tabs (35) can be 
secured near the double crimp (78) that joms the elliptical segments (71). The tab regions (35) 
are preferably attached to the gaps (75) between the elliptical segments (71). The mflow annulus 
of the valve (33) can be secured at the mflow rim (72) via stitchmg to the inflow annulus fabric 
which also serves as a seaUng gasket. 
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pomi Figu«s 19 A andB iUustratt the double erimp (78) used to join Ae elliptieal 
segntents (71). As sho»n in Figures 19 A and B. the double crimp (78) comprises two hollow 

(79), one for each elliptical segment (71) to be inserted TTte hollow mbes (79) of the 
doubiecrimp (78) are designedtoaUowforbettermotionoftte individual elliptical segments 

(71) and to minimize material stresses during expansion and compression of the anchoring 
structure. The double crimp (78) ftmhercomprisesacentralportion(80)joiningthe two hoUow 

n.bes(79).mscentralport,on(80)comprises one ormore holes (SDto&ciUtatethe 
attachmentof the valvecommissural tabs to theanchoringstructureandto reduce the massoft^^ 
double crimp (78). Tl.us.the double crimp (78)also serves asan attachment sitefor the valve 

and further acts as a stop against backflow pressure on the valve leaflets. 

[0011?1 Figure 20 A shows the insertion of the elliptical segments (71) of the preferred 

anchoring stmcU^e embodime« (70) into the double crimp (78). As with the previous 
embodiments^e present embodiment isdimensionedtobe lodged substantially withinthe 

^uses. with the joined regions (74) of the eUipttcal segments in Figure 20 B configured to align 
v^atthe commissural posts of the smusandthe flared inflow(72)andoutflow ends (73)of the 

anchoring structure configured to rest agamst the sinus cavities. 

[00113] Figures21 A thrx-ughG show how the elliptical segment anchoring structure (70) 
^.yadditionaHy be covered with cloth (82). particularly at the inflow end (72)to provide 

.ractionandagasket-like seal. Thus, this preferred embodiment of thepresentinve^^^ 
dhnensionedtofollowthe sinus architecn^reandto lodge intothe sinus cavities and againstthe 

Mow and outflow amtuU of the sinuses for optimal securing and positioning of fl« replacement 



valve. 
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[001141 Figures 22 A and B illu^te a further prefernrf embodunent the present 
invention. Tins figure shows » elUpdcai segment anchoring struoUrre (90) made fh,m one pieee 
of tubing. AS iUustrated. the supportposts (91) that formthe slots (92) forthe valve tabs include 
aseriesotsmallholes(93)on.i.hersideoftheslot(92)to6cili.atesutureormeohamc.l 

attachment of the commissural tabs of the valve. Again, this anchoring structure (90) is 

dimensioned to fit substantiaUy wiflun the valve stauses with the support posts (91) being 
eonfiguredto reside inthecommissur^postsbetweenthe individual sinuscavitie^Thepresent 

™l^t also exerts axial force particdarl, at the flared inflow (94) and outflow rims (95) 
against the sinus walls to anchor the valve. 

[001151 Yetanotherembodimentofavalveandanchoringstnu^nreaccoKlingtothe 
present invention is iUustrated in Figures 23 A through D. In the present embodiment, a claw 
anchoring structure (100) is shown in Figure 23 A. This embodiment corresponds to an elliptic^ 
segment embodiment whereinthe upper portions of eacheiUpttcal segment havel^en removed 

The ends of the juncuares (101) of the remaining eUiptical segments are shaped into prongs or 
claws (102). Thus, the Caw anchoring structure (100) comprises a flexible spring ftame having 
a plurality of bari» (102). located distaUy Just beyond where the valve leaflet tab regions meet 
^ anchoring struc»e. Tlre claw anchoring s^(m) preferably comprises a, least one 
(102) tor each valve leaflet tab includedind^ valve. Tie bari,s(102)are designed to 

anchor the valve (32) and anchoring strucwrc (100) to the vascular wall. 

poiiq In another preferred embodiment of the invention, an anchoring structure is 

providedthat lacks vertical support posts. AS showninFigure24.the representative anchoring 

„ configuration comprises an inflow ring (1 1 0) that is adapted «> being secured to the 
Mow annulusofthe valve (33)viasti.chingt„thereinfb,ced fabric sewingringinamanner 
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similar to the prior representative implementations. The undulating or sinusoidal pattern of the 
ring (1 10) facilitates radial collapse and expansion and exerts radial force against the vessel wall. 
The anchoring structure does not support the outflov. amiulus (34) of the valve. Rather, the 
valve's commissural tabs (35) are attached to the sinus waUs via mechanical means, such as 
sutures, staples, or wire. 

[001 17] Another representative embodiment of an anchoring structure is shown m Figure 
25 A. The present embodiment comprises a dual-ring anchoring structure (120). The dual ring 

(120) of the present embodiment may, as in the previous embodiment, be secured to the inflow 
amiulus of the valve via stitchmg to the remforced fabric sewing ring. The undulating or 
sinusoidal pattern of the individual rings (121) is configured such that the peaks (122) of one ring 

(121) coincide with the valleys (123) of the other ring and vice versa, thereby forming a sine- 
cosine pattern. This pattern facilitates radial collapse and expansion and exerts radial force 
against the vessel wall. As in the previous embodiment, the dual ring anchoring structure (120) 
does not support the outflow annulus of the valve. Rather, the valve's commissural tabs are 
attached to the native sinus walls via mechanical means, such as sutures, staples, or wire, or 
additionally by the adhesive means disclosed herein. 

[001 1 8] Figure 25 B shows another dual ring embodiment of the present invention. This 
anchoring structure is comprised of an upper (distal) dual ring (130) and a lower (proximal) dual 
ring (131). The lower dual ring (131) is connected to the proximal end of the valve at the inflow 
amiulus while the upper dual ring (130) is comiected to the distal end of the valve at the outflow 
annulus. The valve may be connected to the rings (130, 131) via sutures, clips or any other 
suitable means for attachment The valve and the attached proximal (131) and distal (130) rings 
can be collapsed and inserted via a catheter. Once the valve has reached its desired location in 
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the vascular passageway, the two rings (130, 131) are expanded to secure the valve in the 
vascular passageway. As in the previous embodiment, each dual ring (130, 131) comprises a 
wire frame with a circular cross-section and a sinusoidal pattern. The smusoidal pattern may be 
of a sine-cosine shape with a varied frequency and amplittide. One or more longittxdinal rods 
(132) may be used to connect the two dual rings (130, 13 1) and maintain longittidmal separation 
and radial orientation. The rods (132) may be removable so that once the valve is implanted in 
the vascular passageway they can be removed. 

[001 1 9] In another preferred embodiment, illustrated in Figure 26, an upper single ring 
(140) with an undulating or zigzag pattern provides support to the tab regions (35) of the valve 
(32) at the distal end (34) of the valve whereas a lower single ring (141) configured in an 
undulating or sinusoidal pattern provides support to the mflow amiulus (33) at the proximal end 
of the valve (32). The inflow ring (141) is stitched to the sewing fabric wrapped around the 
circumference of the inflow annulus of the valve, as described previously. The outflow ring 
(140) of the anchoring structtire generally resides above the leaflets (36) to avoid leaflet contact. 
To improve traction, the inflow or outflow rings may comprise attachment barbs (142). The 
structtjral dissociation between the rings (140, 141) provides improved dynamic compliance 
while retaining the benefits of a two ring design. 

[001 20] Yet another embodiment of a valve and anchoring structtire according to the 
present invention is illustrated in Figures 27 A through C. In the valve anchoring structtire 
accordmg to the present embodiment shown m Figures 27 A and C, the valve (32) is supported 
by a ttibular anchoring structtire (150). The ttibular anchoring structtire (150) is preferably made 
of metal or plastic. The ttibular anchoring structtire (150) is also preferably designed to be 
expandable. For example, tiie anchoring structtire may be designed to be self-expandable, 
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balloon-expandable, or mechanically-expandable. The tab regions (35) of the valve (32) are 
preferably attached to the distal end (151) of the tubular anchoring structure (150) using staples, 
sutures, wire fasteners, or any other suitable means. The inflow rim (152) of the tubular 
anchoring structure may comprise a plurality of suture bores (153) to facilitate attachment of the 
valve (32). The tubular anchoring structure (150) also comprises vertical support posts (154) 
with axial slots (155) for the insertion of the valve tabs (35). The vertical support posts (154) 
extend to the distal end (151) of the tubular anchoring structure (150). In a preferred 
implementation of the of the present embodunent, the means of attachment, or an alternative 
means, is used to also attach the tab regions (35) of the valve (32) to the vascular wall thereby 
securing the valve (32) and tubular anchoring structure (150) in the valve sinuses. Such 
fastening means can also be optionaUy used at the inflow annulus to provide additional 
anchoring. 

[00121] Another embodiment of a valve and anchoring structure according to the present 
invention is Ulustrated in Figure 28. In the present embodiment, a dual-ring anchoring structure 
(160) is shown, as seen in Figures 28 C and D, with an inflow ring (161) and an outflow ring 
(162) comiected by a vertical element (163) comprised of two posts (164). The anchoring 
structure (160) is designed to be circumferentially collapsible as can be seen in Figures 28 A and 
B. As shown in Figures 28 C and D, the anchoring structure (160) is collapsed by sliding the 
two posts (164) that are adjacent to each other in the expanded state (Figure 28 D) past each 
other to decrease the circumference of the upper outflow (162) and lower inflow (161) rings 
(Figure 28 C). Thus, prior to implantation the anchoring structure (160) is collapsed and, once 
the valve is properly positioned in the valve sinuses, the anchoring structure fi-eely self-expands 
to its original dimensions. The self-expanding behavior of the present embodiment is due to 
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Nitinors relatively high modulus of elasticity, which imparts superior spring-like properties to 
the anchoring structure. Alternatively, if the anchoring structure is constructed of a non-self 
expanding material, it may be mechanically collapsed and expanded using the devices disclosed 
herein. 

[00122] Another embodiment of a valve and anchoring structure according to the present 
invention is illustrated in Figures 29 A and B. In the present embodiment, a dual-ring anchoring 
structure (170) is shown, with an inflow ring (171) and an outflow ring (172) comiected by a 
vertical element (173) comprised of two posts (174). IHe inflow rim may further comprise tissue 
mounting posts (175). The anchoring structure (170) is designed to be circumferentially 
coU^sible. Figure 29 A shows how the posts (174) are separated in the expanded state and 
Figure 29 B shows how the posts (174) form a single vertical element (173) in the collapsed 
state. Thus, prior to implantation the anchoring structure is collapsed and upon the positioning 
of the valve assembly in the valve sinuses, the anchoring structure (1 70) freely self-expands to its 
original dimensions. As in the previous embodiment, the self-expanding behavior of the present 
embodiment is a function of Nitinol's high modulus of elasticity. Alternatively, if the anchoring 
structure is constructed of a non-self expanding material, it may be mechanically coUapsed and 
expanded using the devices disclosed herein. 

[001 23] A further embodiment of a valve and anchoring structiure according to the present 
invention is illustrated in Figures 30 A and B. TTie present embodiment comprises a spring-aided 
anchoring structure (180). TTie spring aided anchoring structure (180) preferably comprises ti^ee 
members (181) that are radially collapsible for implantation into tiie valve sinuses. The members 
(181) comprise peaks (182) that serve as valve attachment points and valleys (183) that serve to 
lodge tiie anchoring structure at tiie valve sinus inflow amiulus. Following implantation, the 
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anchoring structure (180) is expanded to its original dimensions by coil springs (184) that 
provide an outward radial force on each member. In a preferred embodiment, shown in Figure 
30 B, the spring aided anchoring structure (180) comprises at least one anchoring section (185) 
for selectively securing the anchoring structure (1 80) in the valve sinus at the inflow amiulus. 
Although the present embodiment illustrates three members (181) and three coil springs (184), it 
should be ^predated that two or more members (181) with a corresponding number of coil 
springs (184) may be used. 

[00124] The anchoring structures of the present invention may be constructed firom 
superelastic memory metal alloys, such as Nitinol, described in U.S. Patent No. 6,451,025, 
incorporated herein by reference. Nitinol belongs to a family of intermetallic materials which 
contain a nearly equal mixture of nickel and titanium. Other elements can be added to adjust or 
modify the material properties.. Nitinol exhibits both shape memory and superelastic properties. 
The shape memory effect of Nitinol allows for the restoration of the original shape of a 
plastically deformed structure by heating it. This is a result of the crystalline phase change 
known as thermoelastic martensitic transformation. Thus, below the transformation temperature, 
Nitinol is martensitic, i.e. easily deformable. Heating the material converts the material to its 
high strength, austenitic condition. Accordingly, prior to implantation, the valve assembly is 
chilled in sterile ice water. Upon cooUng, the Nitinol anchoring structure enters its martensite 
phase. Once in this phase, the structure is malleable and can maintain a plastically deformed 
crushed configuration. When the crushed anchoring structure comprising the valve is deUvered 
into the valve sinus, the increase in temperature results in a phase change from martensite to 
austenite. Through the phase change, the anchoring structure returns to its memorized shape, 
and thus expands back to its original size. 
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[001251 The anchoring structures can also be designed to use the superelasticity properties 
ofNitinol. With the superelastic design, the chillmg procedure would not be necessary. The 
anchoring structure would be crushed at room temperature. The phase change to martensite 
would be accomplished by means of the stress generated during the crushing process. The 
anchoring structure would be held in the crushed configuration using force. Force is removed 
once the anchoring structure is delivered to the valve sinus, resulting in a phase transformation of 
the Nitinol from martensite to austenite. Through the phase change, the anchoring structure 
returns to its memorized shape and stresses and strains generated during the crushing process 
removed. Alternatively, the anchoring structures of the present invention may be composed of 
non-self expanding suitable material, such as biocompatible metals, including titanium, and 
plastics. Whetiier tiie valve assembly is designed to be self-expandable or non-self expandable, 
it may be compressed (and expanded, if non-self expandable) for implantation usmg the 
expansion and contiaction devices disclosed herein. 
Expansion and Contraction Devices 

[00126] A preferred embodiment of an expansion and contraction device for implanting 
the valve assemblies of the present invention is illustrated in Figures 31-33. As seen m Figures 
31 A and B, the device of the present embodiment comprises a group of bendable hollow tubes 
or wires (200), a grip handle (201), and a circular element (202) that holds the wires (200) 
together at their proximal ends (203). Each wire (200) comprises a proximal end (203), a distal 
end (204) and a hollow shaft (205) running from the proximal end (203) to tiie distal end (204). 
-nie wires (200) are attached to the grip handle (201) at their proximal ends (203) via the circular 
element (202) such that the wires form a circular pattern. 

[001271 As shown in Figures 32 A and B, the expansion and contraction device fiirther 
comprises a cylinder (206) having a proximal end (207) and a distal end (208). THe cylinder 
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(206) has holes (209) drilled along its distal perimeter (208). The holes (209) in the cylinder 
(206) are preferably drilled at an outward angle so that by forcing the wires (200) through the 
angled holes (209), the distal ends (204) of the wires (200) are driven radially outward. As the 
wires (200) are pushed fiarther through the outwardly angled cylmder holes (209), the further the 
wires (200) spread radially, thereby expanding the anchoring structure that is positioned over the 
wires (200). Accordingly, the angle of the cylinder holes (209) controls the relationship between 
the longitudinal movement of the wires (200) and their radial dilation. 
[001 28] As shown m Figure 33, a representative anchoring structure (210) of the present 
invention is attached to the distal ends (204) of the hollow wires (200). The cylinder (206) 
having a proxunal end (207) and a distal end (208) has holes (209) drilled along its distal 
perimeter (208). The holes (209) in the cylinder (206) are drilled at an outward angle so that by 
forcing the wires (200) through the angled holes (209), the distal ends (204) of the wires (200) 
are driven radiaUy outward. As this figure shows, when the wires (200) are pushed further 
through the outwardly angled cylinder holes (209), they are forced to spread radially, thereby 
expanding the anchoring structtire (210) that is positioned over the wires (200) at their distal 
ends (204). In a preferred embodiment, a long suture is routed from the proximal end to the distal 
end of the wire down its hollow shaft, looped around a segment of the anchoring structtire at the 
distal end of the wii« and then routed back to the proximal end of the wire, where it is secured. 
Attached to the distal ends (204) of the hollow wires, the anchoring structtire (210) contacts and 
expands radially in response to the longittidinal motion of the wires (200). Pulling the grip 
handle (201) proximaUy contracts the anchoring structtire (210) into a collapsed state for 
implantation whereas pushing the grip handle (201) distally expands the anchoring structtire 
(210). When the anchoring structtire (210) is positioned in a desirable location in the vessel and 



LAI-2067289vl 



-39- 



Attorney Docket 
816020-100055 



expanded to the desired dimensions, the sutures are severed and removed ftom the proximal end 
(203) of the wires (200) in order to disconnect the anchoring structure (210) from the device. 
The device of the present embodiment is removed, thereby leaving the valve assembly securely 
situated in the valve sinus. 

[00129] Another expansion and contraction device is Ulustrated in Figures 34 and 35. As 
shown in Figure 34, the device of the present embodunent comprises a tube (220), multiple wall 
panels (221), springs (222) corresponding to the multiple wall panels (221), a spindle (223) and a 
pluraUty of connecting wires (224). The tube (220) comprises a hollow shaft (225) having a 
radial center (226), a proximal end (227), a distal end (228) as shown in Figure 35, an interior 
wall (229) and an exterior wall (230), wherein a hole (231) corresponding to each wall panel 
(221) extends through the interior (229) and exterior wall (230) of the tube (220). In a preferred 
embodiment, the perimeter of the exterior wall (230) is surrounded by adjacent wall panels 
(221), only buffered by the springs (222) corresponding to the wall panels (221). The spindle 
(223) is attached to the interior wall (229) of the tube (220), preferably facing the tube's (220) 
radial center (226). A connecting wire (224) is attached to each wall panel (221) and routed 
through the spring (222) and the corresponding hole (231) in the tube wall (229,' 230) to meet the 
other connecting wires (224), preferably at the radial center (226) of the tube (220). 
[001 30] As shown in Figure 35, upon meeting at the radial center (226) of the tube (220), 
the wires (224) having been wrapped around the spindle (223), now run parallel to the tube's 
(220) longitudinal axis. By pulling the wires (224) proximally, the attached panels (221) 
compress the springs (222) against the tube's (220) exterior wall (230). In this compressed state, 
a collapsed valve assembly of the present invention can be placed over the panels (221). Once 
the device of the present embodiment, loaded with the valve assembly, is positioned at the 
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desired location in the valve sinus, the tension in the wires (224) is relieved to force the wall 
panels (221) outward, thereby expanding the anchoring structure and valve. The length of the 
uncompressed spring (222) determines the diameter to which the anchoring structure can be 
expanded.' The anchoring structure can optionally be secured to the wall panels (221), by staples, 
sutures, wire fasteners, or any other suitable means, so that the valve assembly may be 
selectively expanded and collapsed by preferably varying the tension on the comiecting wires. 
[00131] In Figures 36 A and B, another preferred embodiment of an expansion and 
contraction device of the present invention is presented. In this embodiment, the anchoring 
structure (240) is composed of a shape memory metal or the like having arelatively high 
modulus of elasticity, and possessing an outward spring-like force when m a compressed state. 
Therefore, spring loaded wall panels are not necessary in the present embodiment. Instead, the 
wires (241) pass through sutures (242) that are threaded through holes (243) in the tube (244) 
wall and wrap around portions of the anchoring structure. Thus, the wires (241) keep the 
anchoring structure (240) compressed by pulling the sutures (242) around the anchoring 
structure (240) against the tube (244). Alternatively, the tube structure can be omitted with only 
the wires (241) and sutures (242) keeping the anchoring structure (240) in a compressed state. 
Hiis would ensure that the valve within the anchoring structure is not contacted by any 
mechanical elements, such as a tube (244). Alternatively, the tube could be made from a cloth- 
or tissue-like material. Once the anchoring structure (240) is positioned in the desired location in 
the valve sinus, the wires (241) can be retracted, allowing the anchoring structure (240) to self- 
expand such that the tube (244) can be withdrawn, leaving the anchoring structure (240) securely 
lodged at the desired location of implantation. Hie sutures (242), which wiU remain wrapped 
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about the anchoring structure (240), can be made of biodegradable material and thus will be 
resorbed by the body within a matter of days. 

[00132] The contraction and expansion device illustrated in Figures 37 and 38 represents 
another preferred embodiment of the present invention. As Ulustrated in Figure 37. each wall 
panel (250) is connected to a pm (251) which runs through the corresponding hole (252) in the 
tube (253) wall. The pin (251), protruding radially inward from the tube's interior, is preferably 
spring-loaded (254) toward the radial center of the tube (253). In a zero energy state, the wall 
panels (250) rest against the exterior wall of the tube (253) and the collapsed anchoring structure 
rests agamst the wall panels (250). Instead of wires, the present embodiment comprises a 
longitudmal shaft (255) nmning through the radial center of the tube. The shaft is comprised of a 
proximal end (256) and a distal end (257). The distal end (257) is comiected to a central plate 
(258) havmg spiral shaped edges (259) as shown in Figures 37 B and C. The central plate (258) 
is located in the tube (253), parallel to the tube's cross-section and is aligned with the spring- 
loaded (254) pins (251). Hie plate's spiral-shaped edges (259) preferably cause the distance 
from the plate's perimeter to the tube's radial center to vary along the plate's (258) perimeter. 
When the shaft (255) is rotated, the edge of the plate (259) pushes against each pin (251), 
thereby driving the corresponding panels (250) outward and expandmg the anchoring structure, 
as Figure 37 C shows. 

[00133] Figures 38 A and B show how rotation of the shaft (255) pushes the wall panels 
(250) radially out, thereby expanding the anchoring structure (260). In a prefenred embodiment, 
the anchoring structure (260) is sutured to the wall panels (250) to allow expansion and 
contraction of the anchoring structure by alternating rotation of the shaft. The sutures are 
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p^ferably removable ftom *e shaftM255) proxtaa. end to free fl>e valve a^embly ftom 
device following implantation in the valve sinus. 

[001341 In still another embodiment, as iUustrated in Figme 39. an expansion and 
contractiondevice similar U-thepreviousembodimentispresented. Instead ofadevice 

comprising a central plate with spiral-shaped edges ot varying dimensions, the pr^en, preferred 
embodimentutili.esacircnlardisk(270)™thpre.utspiral.shapedgrooves(271)corres^^^ 

to the spring-loaded pins (272). Preferably, the grooves (27 1) provide a track of varying depth 
for the pins (272) such .hat the ptas (272) are forced radially outward upon rotation of the disk 
(270), thereby expanding the anchoring structure. 
» Jh..i.> MeMT - <^-*"' Itenlacement Valves 

[0013S1 In addition to the disclosed features and mechanisms for securing the valve 
assembly comprising a valve and anchoring ^ into position, tire present invention 
p^videstire use ofbiocompatible adhesives. Ammrber of adhesivesmay be usedto seal tire 

valve assembly to ti» surrounding tissue in tire valve sinus. Hre following are examples of 
available adhesives and mefliods of use: 

[00136] U.S. Pat. No. 5,549.904, ti« entire contents of which are incorporated herein by 

reference, discloses a formulated biological adhesive composition comprising tissue 
^glutaminasea^lapharmaceuticaUy^ceptable carrier, the tissuctiansglutaminaseinan 

effective amount to promote adhesionupontreamrentoftissueinti^ presence otadivalent 

„e.alion,suchascalciumorstiontium. moperation, tire two components are mixedto activate 

a., sealable fixationmeans for securely fixingti» valve assembly totissueatadesiredval^^ 

location. 

[001371 U.S. Pat. No. 5.407.671. flie entire contorts of which are incorporated herein by 
^ference, discloses a one-component tissue adhesive containing, in a,ueous solution, fibrinog^, 
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F m a tombin iBhibte, protoombin fectors. calcium ions and, «here appropriate, a plasmin 
mi>m. msadhedvecanbe«co,,sti«dftomafte^-driedfonn«ith water. I.canconUnn 
^ active substances in pasteurized form and is then free of the risk of transmission of hepatitis 
and HTLV m. in operations, the one^mponent tissue adhesive is reconsUtut^l 6om a fteeze- 
dried form with water to activate the scalable fixation means for securely fixing the valve 
assembly to tissue at a deshed valve location. 

P0138] U.S. Pat No. 5.739,288, the entire contents of which are incorporated herem by 
refeence, discloses a method for utilizing a fibrin s^Oan. which comprises, (a) contacting a 
desired site with a composition comprising fibrin monomer or noncrosslinked fibrin; and (b) 
converting Utefibrinmonomerornoncrosslink^lfibrintoafibrinpolymer concurrently with the 

contacting step, thereby forming a fibrin clot In operation, the fibrin monom«: or 
,„,„,^ed fibrin is converted to activate the scalable fixation means for securely fixing tire 
valve assembly to tissue at a desired valve location. 

[00139] U.S. Pat. No. 5,744,545, fl« entire contents of which are incorporated hcrem by 
reference, disclosesametiiod for effecting fl^r^nsurgical attachment ofafirst^toa 

second surftce, comprising titc steps of: (a) ^viding collagen and a multiiunctionally activat«l 
synthetic hydrophilic polymer; (b) mixing tire collagen and syntitetic polymer to initiate 
crosslmking between the coUagen and ti« synfltetic polymer, (c) applying flie mixture of 
collagen and syntitetic polymer to a first surface before substantial crosslinldng has occurred 
betweentirecoUageuandtite synaptic polymer, and(d)contaetingti.e firs, surfecewithtire 

^surface to effect adhesionbetwe»the.womfaces.Eachs«rfacecanbeanative tissue 
or hnplant surface. In op^ation. collagen and a multifimctionally activated synthetic hydrophiUc 
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polymer arenuxed^activate .he scalable fi>«.ionmea.«fors*urelyfi>dngthe valve as^^^^ 
to tissue at a desired valve location. 

[00140] U.S. Pat. No. 6,1 13,948, the entire contents of v*ich are incorporated herein by 

reference, discloses soluble nncroparticles comprising fibrinogen or thrombin 

form. These ■nicroparticlescanbennxed.ogiveadrypowder,t„ be used asafibrin sealant that 

is activated only atatissne site upon dissolving fte soluble microparUcles. In operation, soluble 
microparticles comprising fibrinogen or thrombin are contacted «ith water «, activate the 
scalable fixation means for securely fixing the valve assembly to tissue at a demed valve 
location. 

[001411 U.S. Pat. Nos. 6,565,549, 5387,450, 5.156,911 and 5,648.167. the entire con,»ts 
of »Wch are incorporated herem by reference, discloseathermallyactivatable adhesive. A 

"dtermally activa«.ble» adhesive is an adhesive which exhibits an increase in "tack" or adhesion 
after being wamtcd to a temperature a. or above the activation temperature of the adhesive. 
Preferably, the activation tempemture of the thermally activatable adhesive is between about 28« 
Cand60»C. More preferably, the activation temperature is be^veen about 30» C a^i 40» C. One 

exemplary thennally activatable adhesive is described as Example 1 in US. Pat No. 5,648,167. 
wUchis inco.pora.edby reference herein. It consists ofamix«ureofstearylmethacrylate(65^^ 

g), 2-cfl.yIhexyl acrylate (28.2 g) and acrylic acid (6 g) monomers and a solution of catalyst 
BCEPC (Oa g) in ethyl acetate (100 g) is slowly added by means of dropper fimnels to ethyl 
acetate(50g) heated under reflux (80 degrees C)ina«smfflaskoverap«iod of approximately 

6 hours. Further ethyl acetate (50 g) is added U. the mixture during the polymerization to 
maintaind^emixn^inaviscousbutungeUedstate. Inoperation,ti«rmally activatable a^^^^^^ 
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is heated to activate the scalable fixation means for securely fixing the valve assembly to tissue 
at a desired valve location. 

[00142] Figure 40 shows a preferred embodiment, wherein an outer chrcumferential 
reservoir (401) is located at an outermost radius of a valve anchoring structure (400) when the 
anchoring structure (400) is in an expanded state, wherein the reservoir is fiUed with a sealable 
fixation means for securely fixing the valve assembly (400) at a desired location within a body 
cavity. Figure 40 fiirther illustrates one embodiment of the reservoir (401) comprising a sealable 
fixation means, wherein the sealable fixation means may comprise a one-component biological 
adhesive. The sealable fixation means may be activated by exposing the biological adhesive to 
blood or heat. 

[001431 Figure 41 illustrates another preferred embodunent wherem the sealable fixation 
means may comprise a two-component biological adhesive. Hie sealable fixation means may be 
activated by mixing the two components. TTius, for example, if one reservoir (402) contams 
microparticles that are activated by contact with water, the second reservoir (403) would contain 
the water for the activation of the microparticles. Tliis figure also shows that the reservoirs may 
be arranged concentrically as shown in Figure 41 B or adjacent to each other as shown in Figure 
41 A. 

[00144] Figure 42 illustrates an exemplary reservoir (401) which may be attached to the 
valve anchoring structure by its imier wall (404) by sutures, glue, staples or some other 
appropriate method. Figure 42 fiirther illustrates a thin spot (405) on the outer wall (406) of the 
reservoir (401). The thin spots (405) are areas on the reservoir (401) that are adapted to rupture 
when placed under certain levels of pressure. TTie pressure is exerted on the thin spots (405) as 
the reservoir (401) is expanded along with the valve anchoring structure. The thin spots (405) 
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are umble to withstand the pressure and therefore rupture rele^^^ 

(401) or reservoirs. In a preferred embodiment, the reservoir (401 ) is made of an elastic material 
that expands along with the expansion of the valve anchoring structure. 
[00145] Figure 43 illustrates a cross sectional view of the reservoir (401). THe reservoir 
(401) may contain a lumen (407) which extends along at least a portion of the circumference of 
the reservoir. Hie reservoir (401) has one or more thin spots (405) along its outermost 
circumference, wherein the thin spots (405) are sized and configured to rupture when the 
reservoir (401) is expanded to an appropriate diameter. When the anchoring structure 
comprising the valve is fully expanded, the pressure exerted upon the expanded thin spots (405) 
causes them to rupture. In still another preferred embodiment, the reservoir(401)ismad^ 
biodegradable material adapted for erosion or rupture to release the content ofthe reserve 
and activate the scalable fixation means in a desired tunefi^e after implantation. In a fiuther 
preferred embodiment, a circumferentially outemiost portion is pressure sensitive to rupture, 
wherein the contents ofthereservoir(401)are released when the reservoir(401)is compressed 

against the sinus cavities during expansion and implantation of the valve assembly. 
[00146] Figure 44 shows a cross-sectional view of another preferred embodiment, 
illustrating thin spots (405) on a reservoir having two concentric component compartments, an 
ixuier compartment (408) and an outer compartment (409). Component A in an imier 
compartment (408) and component B in an outer compartment (409) are to be mixed to form 
adhesive for sealing the valve assembly against the valve sinuses. THe im^er compartment (408) 
has a plurality of thin spots (405) along its outermost circumference, wherein the thin spots (405) 
are sized and configured to rupture whenthereservoir(401)is expanded to an appropriate 

diameter. Tlie outer compartment (409) also has a plurality of thin spots (405) along its 
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irmermost circumference. The thin spots (405) of the imier compartment (408) and the thin spots 
(405) of the outer compartment (409) may be located adjacent to each other. In one preferred 
embodiment, the space between the adjacent pair oftMnspots(405) on the imier (408) and ou^ 

(409)compartment may compriseapiercmg element that is activated to rupture the tW^ 
the pair of adjacent spots when the reservoir is expanded to an appropriate diameter or a 
predetermined diameter. Other embodiments of reservoir configuration, for example, two 
parallel compartments circumferentially or longitudinally, and suitable activation mechanism for 

the scalable fixation means are also within the scope of the present invention. 

[001471 The present invention further comprises methods and devices for the sizing of 

native valves that require replacement. 

Methods ap '^ Apparatus for Valve Sizing 

[00148] Intravascular ultrasound (IVUS) uses high-fi:equency sound waves that are sent 
with a device called a transducer. The transducer is attached to the end of a catheter, which is 
threaded throughavein,artery,or other vessel lumen. Tlie sound waves bounceoff 

of the vessel and return to the transducer as echoes. THe echoes can be converted into distances 
by computer. A preferred minimally invasive valve replacement sizer is shown in Figures 45 A 
andB. For purposes of this application, the distal end or portion refers to the area closer to 

body while the proximal end or portion refers to the area closer to the user of the valve 
replacement sizer. The device comprises a guidewire (500), an intravascular ultrasound (IVUS) 
catheter(501)havingatransducer(502),andabaUoondUatationcatheter(503)aUposi 

within the central lumen of a catheter. The transducer (502) is positioned in the IVUS sizing 
window (504) of tiie balloon catheter. Tlie guide wire (500) advances and guides tiie catheter 
(501) to the appropriate location for valve sizmg. Figure 45 A shows tiie catiieter in deflated 
form, whereas m Figure 45 B tiie balloon dilatation catheter (503) has inflated the balloon (505). 
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[00149] In a preferred embodiment, shown in Figure 46, the catheter (510) contains 
multiple lumens (511) in order to house a guidewire (512), an IVUS catheter (513), and a balloon 
dilatation catheter (514). Figure 46 Ulustrates a cross sectional view. One of the separate lumens 
(511) contains the guidewire (512), another contains the IVUS catheter (513), and another 
contains the balloon dilatation catheter (514). The balloon dilatation catheter (514) has aballoon 
(515) attached circumferentially surrounding the balloon dilatation catheter (514) as well as a 
portion of the catheter (510). 

[00150] Figure 47 shows a balloon dilatation catheter (516) comprising a balloon (517) 
that circumferentially surrounds a portion of the catheter (518) proximal to its distal portion 
(519). More specifically, the balloon (517) comprises an outer wall (520) that circumferentially 
surrounds a portion of the catiieter (518) near its distal portion (519). The balloon (517) also has 
a distal end (521) and a proximal end (522). In a preferred embodiment, within tiie area 
encompassed by tiie balloon, a transducer (523) is located on the IVUS catheter (524). Directiy 
over the transducer (523) a sizing window (525) is placed on the IVUS catheter (524) to enable 
signals to be transmitted and received by tiie tiransducer (523) witiiout interference. In a 
preferred embodiment, tiie sizing window (525) is simply an empty space. However, tiie sizing 
window (525) could be made from any substance which does not interfere witii tiie signals 
emitted and received by tiie transducer (523). 

[00151] Preferably, tiie balloon (517) is round but otiier shapes are possible and 
contemplated for use witii tiie valve sizing apparatiis. In particular. Figure 48 shows a cross 
section of an inflated balloon (530) witii curves forming leaflets (531) to enable fluid (532) to 
pass tiirough tiie vessel while tiie balloon (530) is in its mflated state and tiie outer edges (533) of 
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the leaflets (53 1) are in contact with the vessel wall (534) to measure the diameter. The balloon 
may further be made from compliant or non-compliant material. 

[001 52] Figure 49 shows a preferred embodiment wherein the balloon (540) is inflated 
with saline (541). Preferably, the saline is pumped into the balloon (540) through the balloon 
dilatation catheter. Alternatively, the balloon (540) may be inflated with a gas or any other 
suitable substance. The balloon (540) is inflated to a chosen pressure by the person using the 
valve replacement sizer. When the balloon (540) has been inflated, the outermost portion of the 
outer wall (542) will be in contact with the vessel wall (543) or other lumen at the location where 
the replacement valve is to be placed. When the balloon (540) is completely inflated, the farthest 
radial points of the balloon's outer wall (542) will be equidistant to the center of the catheter 

(544) . This distance is labeled as R. The transducer (545) may or may not be at the centermost 
point of the inflated balloon (540). Any deviation from the centermost point by the transducer 

(545) may be accounted for when calculating the diameter of the vessel lumen. However, the 
signal emitted by the transducer (545) preferably mtersects the balloon (540) at its greatest 
radius. 

[00153] Figure 50 shows a preferred embodiment, wherein a transducer (550) emits an 
ultrasonic signal (556) in a perpendicular direction to the IVUS catheter (551). The signal is 
then reflected off the outer wall (552) of the baUoon (540) and received by the transducer (550). 
The transducer (550) then transmits the data to the auxiliary processor (553) to determine the 
radius and diameter of the vessel lumen. Alternatively, an infrared light may be emitted and 
received by the transducer (550) to determine the radius and diameter of the vessel lumen. The 
diameter is calculated by knowing the speed of the signal and the time it takes for the signal to be 
reflected off the balloon wall (552) back to the transducer (550). The known speed is multiplied 
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by the time to determine the radius of the balloon (540). The radius may be adjusted if the 
transducer (550) was not located at the centermost point of the catheter. 
[001 54] The present invention further provides devices and methods to remove the native 
diseased valves prior to implantation of the replacement valve assembly. In one embodiment of 
the present invention, the valve removing means is provided by the replacement valve assembly. 
In another embodiment, the valve removing means is provided by a valve sizing device of the 
present invention. 

Valve assembUes with native valve removing capabiliy 

[001 55] The present invention further provides valve assemblies comprising native valve 
removing capabilities. Thus, in a preferred embodiment, a valve anchoring structure having 
cutting means located at the annulus base for cutting a native valve is provided. Accordingly, 
when passing the valve assembly comprising the valve and anchoring structure through the 
vessel with the anchoring structure in a collapsed state, the cuttmg means can be advanced 
against the native valve with the anchoring structure in a partially expanded state. In this 
manner, the anchoring structure comprising the cutting means cuts at least a portion of the native 
valve by deploying the cutting means, before the valve assembly is secured to the desired valve 
location with the anchoring structure in the expanded state. 

[00156] It is one object of the present invention to provide a valve assembly of the 
preferred embodiment having a tissue valve and an anchoring structure, which permits 
unplantation without surgery or with mmimal surgical intervention and provides native valve 
removing means for removing a dysfunctional native valve, followed by valve replacement. The 
native valve removing means on the anchoring structure is selected from a group consisting of: a 
pluraUty of sharp edge elements, each sharp edge element having a sharp end enabling the 
element to cut through at least a portion of the native valve; a plurality of electrode elements, 

-51- 

LAl-2067289vl 



Attorney Docket 
816020-100055 

wherein radiofrequency energy is delivered to each electrode element enabling the electrode 
element to cut through at least a portion of the native valve, and a plurality of ultrasound 
transducer elements, wherein ultrasound energy is delivered to each transducer element enabling 
the transducer element to cut through at least a portion of the native valve. 
[001 57] Percutaneous unplantation of a valve prosthesis is achieved according to the 
invention, which is characterized in that the valve anchoring structure is made from a radially 
collapsible and re-expandable cylindrical support means for folding and expanding together with 
the collapsible replacement valve for implantation in the body by means of catheterization or 
other minimally invasive procedure. Catheters and catheter balloon systems are well known to 
those of skill in the art, for example, U.S. Pat. No. 6,605,056 issued on August 23, 2003. 
[00158] Accordmgly, in one preferred embodiment of the invention shown in Figure 51, 
the anchoring structure (600) comprises at least one ultrasound transducer (601) at the distal end 
portion of the lower ring (602), wherein each ultrasound transducer is sized and configured with 
ultrasound energy as cutting means for cutting a native valve. Ultrasound energy is delivered 
through conductor means (603) to each transducer element (601) enabling the transducer element 
(601) to cut through at least a portion of the native valve. In one embodiment, the conductor 
(603) passes through a delivery means and is connected to an external ultrasound energy 
generator. The ablative ultrasound delivery means and methods are well known to one skilled in 
the art, for example, U.S. Pat. No. 6,241,692 issued on June 5, 2001. 

[GDI 59] Figure 52 shows another preferred embodiment of a native valve removal system 
comprising a valve assembly having radiofrequency cutting means. In this preferred 
embodiment, the anchoring structure comprises at least one radiofrequency electrode (610) at the 
distal end portion of the lower ring (602), wherein each radiofrequency electrode (610) is sized 
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and configured with radiofrequency energy as cutting means for cutting a native valve. 
Radiofrequency energy is delivered through conductor means (61 1) to each electrode 
element(610) enabling the electrode element to cut through at least a portion of the native valve. 
In one embodiment, the conductor (61 1) passes through delivery means and is connected to an 
external radiofrequency energy generator. The ablative radiofrequency delivery means and 
methods are well known to one skilled in the art, for example, U.S. Pat. No. 6,033,402 issued on 
March 7, 2000. 

[00160] Figure 53 shows another embodiment of an anchoring structure having sharp edge 
cutting means (620). In one preferred embodiment, the anchoring structtire comprises a set of 
sharp edge cutting elements (621) at the distal end portion of the cutting means (620) of the 
lower ring (602) of the anchoring structtire, wherein each cutting element (621) has a cutting tip 
(622), and wherem each cutting element (621) of the cutting means is sized and configured, 
optionally with radiofrequency energy, as cutting means for cutting a native valve. In one 
embodiment, sharp edge cutting means on the delivery apparattis is rotatable, enablmg the 
cutting element (621) to cut through at least a portion of the native valve. Sharp edge cutting 
means, with optionally ablative radiofrequency delivery means and methods, are well known to 
one skilled m the art, for example, U.S. Pat. No. 5,980,515 issued on November 9, 1999. 
[001 61] Figure 54 shows a partially inflated balloon catiieter. A balloon catheter (630) is 
introduced in the vessel. The balloon means (632) of the balloon catheter (630) is led out of the 
protection cap (633) at the catheter tip (634) and is partly inflated through a fluid channel (635), 
which is led to the surface of the patient. In one embodiment, the balloon (632) is partially 
expanded and the sharp end (636) of the cutting means of the valve anchoring structtjre (637) is 
advanced to cut and remove at least a portion of the native valve. In another embodiment, the 
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valve anchoring structure (637) comprises an ultrasound or radiofrequency cutting means (638). 
In one embodiment, the support structure is expanded at about 30 to 95% of full expansion for 
cutting the native valve. More preferably, the support structtire is expanded at about 50 to 90% 
of the full expansion. In another embodiment, the balloon catheter (630) comprises a central 
chamiel (639) with respect to a central axial line (640) to receive a guide wire (641) which is 
used in a way known for viewing the introduction of the catheter through fluoroscopy. 
[001 62] Some aspects of the present invention provide a method of endovascularly 
implanting a valve through a vessel, comprising the steps of providing a coUapsibly expandable 
valve assembly that comprises an anchoring structtire according to the present invention with an 
amiulus base and a collapsible valve connected to the anchoring structtire, the collapsible valve 
being configured to permit blood flow in a direction and prevent blood flow in an opposite 
direction, the anchoring structtire having cutting means located at the annulus base for cutting a 
native valve, passing the valve assembly through the vessel with the anchoring sttiicttire in a 
collapsed state, advancing the cutting means against the native valve with the anchoring sttucttire 
in a partially expanded state, cutting at least a portion of the native valve by deploying the 
cutting means, and securing the valve assembly to the desired valve location with the anchoring 
structure in the expanded shape. 

[00163] In operations, a method of implanting a valve assembly according to tiie present 
invention is given below: a valve assembly made of an anchoring structtire of tiie present 
invention and a collapsible valve, as described above, is placed on a deflated balloon means and 
is compressed thereon, either manually or by use of the expansion/compression devices of tiie 
instant invention; tiie balloon means and tiie valve assembly are drawn into an insertion cover; a 
guide wire is inserted into a vessel tiirough tiie centtral opening of tiie balloon catiieter under 
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continuous nuoroscopy; the insertion cover conveys guide wire to a point in tl.e channel in 
to immediate vicinity of the desired position of tiie valve assembly; the balloon means is pushed 
out of the protection cap and the valve assembly is positioned in the desired position if necessary 
by use of further imaging means to ensure accurate positioning; flte balloon means is inflated 
partially; U>e valve assembly is advanced witi. its cutting means cutting at least a portion of the 
native valve; ti» balloon means is fimher inflated to position tiie valve at a desired site, 
preferably against flie truncated valvular annulus; the balloon means is deflated; and ti>e balloon 
means v«ti. entiapped tissue and debris inside tire filter means, tire guide wire, and the protection 
cap are drawn out and tire opening in tire cham»l, if any, wherein fl» valve prosthesis is inserted 
can be closed. 

[00164] The present invention also provides for devices and methods to prevent the 
release of debris during removal of the native diseased valves from traveling to distant sites 
where such debris may cause undesirable physiological effects. 
Distal Protection Assembly 

[001 65] As described above, removal or manipulation of diseased valves may result in 
dislodgment of parts of the valve or deposits formed thereon wWch may be carried by ti^^ 
other partsofthe body, llius, the present invention provides for specialized filters that ^^^^ 

material and debris generated during valve replacement procedures. THe distal protection 
devices of the present invention are also effective in trapping material that may be released 
during other percutaneous interventional procedures, such as balloon angioplasty or stenting 
procedures by providing a temporary valve and filter in the same device. 
[00166] In one preferred embodiment, sho^vn in Figures 55 A and B, the present invention 
provides foratemporary valve (700), whichmay be deployed atadesired location inacollapsed 

state and tiien expanded and secured to tiie walls of tiie passageway. THe temporary valve (700) 
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comprises two concentric one-way valves, an outer valve (701) and an inner valve (702) 
disposed within the outer valve (701), that open in opposite directions as shown in Figure 55 B. 
The outer valve (701)opens in response to positive fluid flow pressure, thereby regulating blood 
flow in substantially one direction. The inner valve (702) opens in the opposite direction of the 
outer valve (701) to facilitate the insertion of catheter based equipment (703) as shown in Figure 
55 C and functions as a seal through which such equipment may be passed. The pressure 
required to open the individual valves may be manipulated to facilitate positive fluid flow, while 
precluding or minimizing retrograde flow that might otherwise occur as a result of back flow 
pressure. Hence, it is contemplated that the inner valve (702) be configured or constructed to 
open with relatively more pressure than that required to open the outer valve. 
[001 67] The outer (701) and inner valves (702) of the temporary valve (700) may be 
coupled together by radial support members. In one embodiment, the radial support members 
couple the inner surface of the outer valve to the outer surface of the inner valve. The length of 
the radial support means depends upon the dimension of the blood vessel or body cavity withm 
which the temporary valve is to be deployed. 

[00168] The temporary valve may be constructed from material that is capable of self- 
expanding the temporary valve, once it is deployed from the collapsed state at the desired 
location. Once expanded, catheter based equipment required for the particular surgical 
procedure may be passed through and movably operated in relation to the temporary valve. 
[001 69] In another embodiment of the present invention, the temporary valve may be 
combined with a filter that extends distally from the temporary valve to capture debris material. 
> In this embodiment, the temporary valve-filter device is preferably configured such that the open 
proximal end is secured to the temporary valve and the closed distal end comprises an opening or 
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a third valve to facilitate the passage of the catheter equipment through the distal end of the bag 
and out of the temporary valve. Additional valves may also be positioned in the filter to coincide 
with one or more branching arteries. 

[001 70] In yet another preferred embodiment of the present invention, the temporary 
valve-filter device may include one or more traps within the filter bag to trap debris material 
within the bag to reduce the likelihood of debris material leaving the filter when the catheter 
equipment is being passed through the filter bag. The filter traps may be comprised of one or 
more valves disposed within the filter bag that are configured to open with retrograde pressure. 
Altematively, the traps may be comprised of flaps that extend inwardly firom the perimeter of the 
bag to create a cupping effect that traps particulate matter and directs it outwardly tt)ward the 
perimeter of the filter bag. The filter traps may be constructed of material that is capable of 
facUitating and filtering antegrade fluid flow, while retaining the debris material within the filter 
bag. 

[00171] The valve-filter assembly previously described may also incorporate multiple 
valves. In this arrangement, debris may be better and better entrapped, and thus reduces the 
chance of debris coming out of the valve-filter assembly. The present invention is particularly 
usefiil while performing an interventional procedure in vital arteries, such as the carotid arteries 
and the aorta, in which critical downstream blood vessels can become blocked with debris 
material. 

[001 72] One benefit of the current invention is that it provides fast, simple, and quick 
deployment. One may deploy both the filter and temporary valve simultaneously. The valve- 
filter assembly may also include a cannulation system at the downstream end of the filter to 
remove particles and debris. The valve-filter assembly may also include a grinder for cutting up 
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or reducing the size of the debris. This debris, in turn, may be removed by a cannulation system 
or be allowed to remain in the filter. 

[001731 The valve-filter assembly is well-suited for use in minimaUy invasive surgery 
where the valve-filter may be placed in the aorta between the aortic valve and the innominate 
branch or the braciocephalic branch. In such a configuration, the valve-fdter may be put in place 
before the start of surgery and fimction as a valve. The valve-filter may fiirther collect debris 
and particles during removal and clean up of the old valve. The valve-filter may also stay in 
place while the new valve is put in place and until the end of the procedure to fimction as 
protection and as a valve. A vascular filter system is well known to one skilled in the art, for 
example, U.S. pat. No. 6,485,501 issued on November 26, 2002. 
[001 74] In all of the embodiments described above, the invention may be part of a 
catheter. The invention may also be assembled onto a separate catheter. The valve-filter may 
also be part of a non-catheter device, placed directly into a blood vessel or other lumen. In both 
the catheter and non-catheter embodiments, the valve-filter may be introduced into the body by 
the ways described in the following non-inclusive list: femoral artery, femoral vein, carotid 
artery, jugular vein, mouth, nose, urethra, vagina, brachial artery, subclavian vein, open 
stemotomies, partial sternotomies, and other places in the arterial and venous system. 
[00175] Furthermore, in all of the embodiments described above, the filter mesh of the 
valve-filter may be of any size and shape required to trap all of the material while still providing 
sufficient surface area for providing satisfactory flows during the use of the filter. The filter may 
be a sheet or bag of different mesh sizes. In a preferred embodiment, the mesh size is optimized 
taking the foUowmg factors into consideration: flow conditions, application site, size of filter 
bag, rate of clotting, etc. 
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[001 76] Radiopaque markers and/or sonoreflective markers, may be located on the 
catheter and/or the valve-filter assembly. An embodiment of the valve-filter catheter is described 
having an aortic transillumination system for locating and monitoring the position and 
deployment state of the catheter and the valve-filter assembly without fluoroscopy. 
[001 77] Additionally, visualization techniques mcluding transcranial Doppler 
ultrasonography, transesophageal echocardiograpy, transthoracic echocardiography, epicardiac 
echocardiography, and transcutaneous or intravascular ultrasoneography m conjunction with the 
procedure may be used to ensure effective filtration. 

[001 78] Alternatively, or additionally, tiie material of tiie filter screen in each embodiment 
of the filter catiieter may be made of or coated witii an adherent material or substance to capture 
or hold embolic debris which comes into contact with tiie filter screen witiiin tiie valve-filter 
assembly. Suitable adherent materials include, but are not Ihnited to, known biocompatible 
adhesives and bioadhesive materials or substances, which are hemocompatible and non- 
tiirombogenic. Such material are known to tiiose having ordinary skill in tiie art and are 
described in, among otiier references, U.S. Pat No. 4,768,523, 5,055,046, 5,066,709, 5,197,973, 
5,225,196, 5,374,431, 5,578,310, 5,645,062, 5,648,167, 5,651,982, and 5,665,477. In one 
particularly preferred embodiment, only tiie upstream side of tiie elements of tiie filter screen are 
coated witii tiie adherent material to captiire tiie embolic material which comes in contact witii 
tiie upstream side of tiie filter screen after entering tiie filter assembly. Otiier bioactive 
substances, for example, heparin or tiirombolytic agents, may be unpregnated into or coated on 
the surface of tiie filter screen material or incorporated into an adhesive coating. 
[001 79] In a preferred metiiod, blood is filtered during cardiac surgery, in particular during 
percutaneous valve surgery, to protect a patient from embolization. In tiiis metiiod, tiie valve- 
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filter is positioned in the aorta between the aortic valve and the inominate branch, where it filters 
blood before it reaches the carotid arteries, brachiocephalic trunk, and left subclavian artery. The 
valve contains the embolic material and foreign matter dislodged during the surgery and also 
provides a temporary valve for use during valve surgery. Such a method may be utilized both on 
and off pump. Such a method may also be utilized for aortic, mitral, and pulmonary valve 
surgery and repair. 

[001 80] Altiiough this invention has been exemplified for purposes of illustration and 
description by reference to certain specific embodiments, it will be apparent to those skilled in 
the art that various modifications and alterations of the illustrated examples are possible. 
Numerous modifications, alterations, alternate embodiments, and alternate materials may be 
contemplated by tiiose skilled in tiie art and may be utilized in accomplishing the present 
invention. Any such changes which derive directiy firom the teachings herem, and which do not 
depart from the spirit and scope of the invention, are deemed to be covered by this invention. 
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